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SUMMARY 


Electrolysis has been under evaluation for several years as a process 

to pretreat urine for ultimate recovery of potable water in manned 

( 1 ) 

spacecraft applications. The work of earlier investigators identified 
three major problem areas with this process: (a) electrode corrosions 

(b) formation of perchlorates, and (c) formation of nitrates. The pro- 
gram described in this report addressed these problem areas via an 
evaluation of the corrosion resistance and power characteristics of 
many types of electrodes in a urine environment, a study of the chemical 
and electrochemical reaction mechanisms occurring in the electrolysis 
of urine, and parametric testing of a full-scale electrolytic cell to 
define cell design criteria and cell operational limitations. Another 
effort in this program consisted of processing a batch of urine under 
the final selected operating conditions and conducting an in-depth 
analysis of the residual contaminants in order to provide a basis for 
selecting posttreatment approaches. The final task was to evaluate the 
effects of UV radiation in combination with electrolysis. 

The conclusions that were drawn from the tasks conducted in this program 
are the following: 

o A platinum alloy containing 10 percent rhodium has been 
shown to be an effective, corrosion-resistant anode 
material for the electrolytic pretreatment of urine. 
Black platinum has been found to be suitable as a 
cathode material. 

o The mechanism of the reactions occurring during the 
electrolysis of urine is two-stage: (1) total Kjeldahl 

nitrogen (TKN) and total organic carbon (TOC) removal 
in the first stage is the result of electrochemical 

(1) Putnam, D.F. and Vaughan, R.L., "Design and Fabrication of a Flight- 
Concept Prototype Electrochemical Water Recovery Systems," RASA 
CR-111961, September 1971. 
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oxidation of urea to CO^, H„0, and ammonia followed by 
chloride interaction to proauce W2 from ammonia, 

(2) after the urea has been essentially removed and 
the chloride ions have no more ammonia to interact 
with, the chloride ions start to oxidize to higher 
valence states, thus producing perchlorates. 

o Formation of perchlorates can he suppressed by high/ low 
current operation, elevated temperature, and pH 
adjustment. Formation of nitrates was not found to 
be a problem. 

o Electrolytic pretreatment beyond the point of TKN = 0 
does not appear to be practical (a) because i!: represents 
the onset of perchlorate formation regardless of pre- 
ventative measures, and (b) because the subsequent 
removal of TOC becomes substantially less power efficient 
due to the refractory nature of the residual organic 
compounds . 

o UV-radiation showed promise in assisting electrolytic 
TOC removal in beaker tests, but was not substantiated 
in limited single cell testing. This may have been due 
to non-optimum configiirations of the single cell test 
rig and the light source. 

0 The trade study (Appendix D) indicated that electrol3?tic 
pretreatment of urine is competitive with chemical 
pretreatment and is favored for long duration (several 
months) missions. 
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Section 1 


IHTRODUCTIOK 


The initial screening of both anodes and cathodes consisted of measuring 
the polarization characteristics of each candidate in synthetic urine 
in beaker tests. Candidates selected from these tests were then subjected 
to potentiostatic operation first in sTmthetic urine and then in human 
urine in a test assenibly. 

Fifteen cathode materials, all from the noble metal family, were tested 
for polarization characteristics. The anodes that were evaluated can 
be grouped generically as; (a) noble metal family metals, blacks, alloys 
and oxides; (b) transition metal family borides and silicides; and 
(c) carbon- based materials. The scope of this evaluation covered over 
50 different materials. Of primary importance was the corrosion resis- 
tance of the selected anode. 

In order to gain insight Into the electrochemical pretreatment process 
and to aid in the establishment of design parameters, a number of tests 
were carried out to elucidate process mechanisms. It was postulated 
during the electrode screening tests that the chloride ions present in 
urine are interactive in the oxidation process occurring at the anode. 

Because of the difficulty associated with evaluating reaction mechanisms 
in such a complex mixture as found in urine, the constituents were divided 
into three main groups, namely urea, organic ammonitim compounds, and 
nonammoniated organic compounds. Electrolysis tests were performed in 
the presence and absence of chloride. The following tests were perfomed: 
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o 


Electrolysis 
o Hypochlorite treatment 
0 Cfhlorine gas treatment 
o Ozone treatment 

Electrolytic treatment of the three groups of solutions was conducted 
in beaker tests using a 10 percent Eh-Pt anode. 

Full-scale electrodes were made up of the materials selected in the 
electrode screening tests. The 10 percent Sh-Pt anode was configured as 
a three-dimensional 10 -mil wire structure to allow urine to flow through 
the anode. The cathode was porous black platinum backed with an asbestos 
matris: to prevent urine flow through the electrode and to prevent gas 
generated at the cathode from mixing with the urine. 

The urine was pumped through a heat exchanger for temperature control, 
into the cell compartments, and returned to an external "reactor" which 
was used to increase the contact time of anodic gases with the urine. 
Monitoring electrodes were positioned in the reactor, and several liquid 
and gas sampling parts were provided as shown. 

The full-scale cell was subjected to 32 individual tests to assess 
the effect of the variables listed as follows over the ranges indicated, 
o Applied current - 3.2 to 18 amps 
o Temperature - 55 to 80 G (328 to 353 K) 
o pH - no adjustment to 9,3 
o Urine flovjrate - 62 to 470 cc/min 
o Cell membrane - with and without 

o External catalysts - 0.5 percent Pt, 0,5 percent Hu on 
AI 2 O 3 , Co (OH) 2 - 
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la preparation for the next phase of this program, tests were conducted 
to provide a basis for selection and evaluation of a post -treatment 
processes necessary to ultimately produce potable water from urine. 

A large batch of urine was subjected to electrolysis to the point 
of TKN“0. This pretreated urine was chemically analyzed for specific 
constituents to aid in selection of candidate processes for post- 
treatment . 

In the final task of DV radiation in combination with electrolysis, 
beaker tests in which the urine irradiated, some improvement in 
final TOC removal was observed- However, when the tests were repeated 
with the full-scale cell, the irradiation showed little or no improve- 
ment. 

Following sections of this report will present in detail the test 
descriptions, test results, discussion and conclusions and recommendations. 
The appendices to this report contain a literature survey, electrode 
polarization curves, chemical characterization of pretreated urine, and 
urine pre treatment trade studies. 
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Section 2 

ELECTRODE SCREENING TESTS 


The objective of the electrochemical pretreatment process is to remove the 
organic material in urine without the formation of undesirable chemical 
byproducts. The selection of an electrode for the process is the most 
important factor in the design of a unit. The electrode must be resistant 
to the extremely corrosive environment; must operate at a potential which 
does not yield chlorates, perchlorates and nitrates; and it must have a 
low potential and high efficiency to minimize the power penalty. During 
this program a large ntimber of electrodes were experimentally evaluated. 

The electrodes can be divided into three general categories which are: 
o Precious metal electrodes 
o Precious metal oxide electrodes 
o Others 

Tests were carried out on each of the categories in successive time periods 
The precious metal and precious metal oxide tests were carried out at LAS. 
The evaluation of other candidates was carried out by the LMSC research 
laboratories - 

The initial task carried out at LAS consisted of a search of the literature 
to uncover background candidate electrode materials and insight into both 
the chemical and electrochemical processes. The results of this search, 
which are present in Appendix A, served as the basis for selection of 
materials to be evaluated. In the first series of tests carried out at LAS 
precious metal electrode materials, the results showed that a 107o Rh-Pt 
electrode was the optimum anode. Further, a wire electrode configuration 
gave the highest current density at the desired operating voltage. In the 
second series of tests at LAS, precious metal oxides, the results showed 
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very low potentials. However, the electrodes were not stable under the 
conditions of electrolysis in urine. Thus, they were rejected. 

Work carried at Lockheed on the electrolysis of sea water suggested the 
possible use of diborile electrodes. In addition, other electrodes used 
in the caustic chlorine industry were not examined in the ItAS effort. 

The final electrode tests, others, were carried out at the LMSC research 
laboratory. The results of these tests showed that only an oxygen form- 
ing electrode was stable in the urine environment. However, it was not 
effective at reducing urea or TOG. 

In the following sections, each of the test series is discussed in turn. 

As the direction of the test program was, in a large part, established by 
the results as they were gathered, intermediate observations and conclusions 
are presented in a chronological manner . Much of the data on electrodes 
is presented in curve form* The data cuirves are presented in Appendix 2. 
Summaries of results are presented in the main body. This is done to 
provide for continuity of text. 

2.1 PRECIOUS METAL ELECTRODE TESTS 

In this section the results of screening tests of precious metal electrodes 
are presented. The presentation is divided into four major subsections 
which are; 

o Determination of polarization behavior of a variety of 
electrodes in synthetic urine, 

o Tests run in synthetic urine. 

o Tests run in real urine, 

o Wire electrode evaluations. 

The first program effort was a literature search of the electrochemical 
process. The results of this search was the development of a list of 
candidate electrode materials. The first step in electrode evaluations 
was the determination of polarization behavior. 
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2.1.1 Electrode Polarization Characteristics 


Anodic and cathodic polarization studies for a variety of electrodes were 
performed in synthetic urine. The object of the anodic polarization 
studies was to determine which electrode materials give the highest 
chlorine evolution current at potentials where perchlorate (ClO^) for- 
mation is minimized. The object of the cathodic polarization was to 
find a cathode material which has the lowest overpotential for hydrogen 
evolution. 

The chemicals used for the preparation of synthetic urine are shown in 
Table 1. Five gallons of synthetic urine were prepared by dissolving 
the chemicals in distilled water. The solution was stored under refrigeration 
until needed. 

The polarization behavior of the materials shown in Table 2 were determined 
in synthetic urine. 

Polarization studies were done potentiostatically in a beaker as shown in 
Figure 1 and 2. Both sheet and wire electrodes were used in these tests. 

The wire electrodes were heat-sealed into a pyrex tube containing mercury 
which was used for the electrical connection. The sheet electrodes were 
spot welded to a 0.05 cm diameter 10% Ir-Pt wire, and the exposed 10% 

Ir-Pt wire was masked x?ith "Microstop" lacquer. The counter electrode was 
a platinum sheet spot welded to a 0,05 cm diameter 10% Ir-Pt wire. Either 
an Anotrol or a Wenking potential controller was used to hold Che potential 
of the test electrodes constant with respect to a saturated calomel reference 
electrode (SCE) . When sheet electrodes were used they were placed in 
between two cathodes as shown in Figure 2. With this arrangement a uniform 
current density could be maintained at the anode. As seen in Figxire 2 the 
reference electrode was mounted in the cell with the Luggin probe placed 
very near to the test electrode. The potential of the test electrode was 
measured with a General Radio electrometer. 
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TABIoE 1 


The Ccraiposition of Synthetic Urine 


Urea 

m 

253.6 

NaCl 

151.40 

KCl 

31.10 


49.80 


14.80 

Mg CO., 

2.7C 

KH co:: 

12.50 

Ci3 (H)2 

4.42 

1.17 

Creatinine 

28.5 

Creatine 

7.06 

Glycine 

5.96 

Phenol 

5.53 

Histidine 

4.41 

Glucose 

2.95 

Cystine 

1,82 

Taurine 

2.62 

Citrulline 

1.67 

Lysine 

1.38 

Imidazole 

3.27 

Tyrosine 

1.02 

Amino isobut 3 n:ic acid 

1.59 

Asparagine 

1.00 

Ammonium citrate 

14.30 

Ammonium hippurate 

20.00 

Ammonium formte 

1.66 

Ammonium L glutamate 

4.66 

Ammonium osalate 

0.70 

Ammonium glucuronate 

12.50 
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TABLE 2 

Electrode Materials Used for Polarization Studies 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 


Iridium 

Palladium 

Platinum 

Blienium 

Rhodium 

Zirconixim 

10% Iridium-Platinum 
10% Rhoditira-Platinum 
5% Ruthenium-Palladium 

Platinum Black Electro deposited on Platinum (platinized Pt) 
Iridium Black Electrodeposited on Platinum 
Platinum Black Teflon Plaque' 

Palladium Black Teflon Plaque 
Rhodium Black Teflon Plaque 
Iridium Black Teflon Plaque 
Platinized Tantalxim ” 



Platinum Black Teflon Plaque*""’ 
Iridium Black Teflon Plaque j 


On 

Tantalum 
Substrat e 


On Platinized 

Tantalum 

Substrate 
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The test electrodes were cleaned with acetone and washed with distilled 
water before being tested. In these potentiostatic experiments, the 
potential of the test electrode was increased stepwise in increments of 
0.1 volt and the steady state current was measured at each potential. 

During polarization runs the solution was stirred with a magnetic stirrer. 

Figures B1-B34 of Appendix B show the polarization curves for the electrodes 
studied. 

Anodic polarization results. - Zirconium and rhenium gave considerable 
anodic currents below the potentials of chlorine evolution and o3^gen 
evolution (Figures Bl and B2), however, physical examination of these 
electrodes after the polarization test showed considerable degradation. 

This indicates that the current obtained during the anodic polarization tests 
of zirconium and rhenium was not due to chlorine evolution or oxygen evolu- 
tion but rather to the anodic dissolution of the metals. Thus neither 
rhenium or zirconium can be used as an anode for the electrolysis of urine. 

The anodic polarization characteristics of other electrodes studied are 
shotm in Figure B3-B19. The anodic current observed above 1,1 volts can be 
considered mainly due to chlorine evolution. It is not until the potential 
exceeds 2.0 volts that perchlorate starts to form. Since the oxidation of 
organic matter in urine is by hypochlorite formed from chlorine, the higher 
the rate of chlorine evolution the higher the rate of oxidation of organic 
matter. The anode material required for urine electrolysis must be a 
material which gives a high chlorine evolution current at a potential below 
the formation of perchlorate. 

Table 3 shows the anodic current densities obtained for each electrode 

studied at potentials in the region of chlorine evolution. These data 

were extracted from the polarization curves presented in Appendix B. As 

seen in Table 3 the currents obtained for various noble metal, black/Teflons on a 
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Table 3 




Anodic Current Density for Electrodes 



Anode 

Potential vs SCE (volts) 

Electrode Materials 

1.5 

2.0 1 

2.5 

3.0 



Current Density mA/cm" 

1 

Iridium - 10 rail wire 

0.8 

30 

180 ! 

t 

450 

Palladium - 10 mil wire 

0.25 

100 

300 j 

500 

Platinum - 10 mil wire 

0.035 

2.5 

55 1 

150 

Rhodim - 10 mil wire 

0,18 

10 

80 

200 

10% Ir-Pt - 30 mil wire 

0.4 

5 

65 

150 

10% Rh-Pt 



1 


-sheet 

0.16 

6.5 

50 

110 

-30 mil wire 

0.12 

11 

80 

200 

-10 mil wire 

0.14 

16 

140 

310 

5% Ru-Pd - sheet 

0.38 

45 

140 

200 

Platinum black electro deposited 
on platinum - 10 rail wire 

4 

130 

330 

650 

Iridium black electro deposited 
on platinum - sheet 

35 

200 

400 

650 

Platinum black/l’eflou on Ta - 
expanded mash 

0.4 

3 

10 

20 

Palladium black/ Teflon on Ta - 
expanded mesh 

0.9 

1.7 

6 

10 

Rhodium black/Teflon on Ta - 
expanded mesh 

0.6 

3.5 

11 

23 

Iridium black/Teflon on Ta - 
expanded mesh 

0.4 

1.7 

5.5 

12 

Platinised Ta - expanded mesh 

0.36 

6.2 

58 

150 

Platinum black/Teflon on 
platinized Ta - expanded mesh 





a. Prepared with extender 

60 

180 

400 

650 

b. Prepared without extender 

19 

110 

250 

475 

Iridium black/Teflon on 
platinized Ta - expanded mesh 

7.5 

34 

75 

140 
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r*T 






tantalum substrate were very small at all potentials. This obseirved low 
current was probably due to the tantalum substrate, since tantalum is hnown 
to form an insulating oxide. Substitution of platinized tantalum as the 
substrate resulted in much higher current densities for platinum black/ 
Teflon. 


The following inferences can be made from the results shown in Table 3. 

o To obtain a reasonable current for urine electrolysis, the anode 
potential must be above 2,0 volts. 

o Black noble metals in general give the highest current density for 
a given potential. Iridium black electrodeposited on platinum 
gives the highest current density at all potentials followed by 
platinum black/Teflon on platinized tantalum and platinum black 
electrodeposited on platinum* 

o Of the bright metals studied palladium give the highest current 
density for a given potential followed by iridium and an alloy of 
5% ruthenium-pal laditim. 

o The activity of 10% Rh-Pt for chlorine evolution reaction is a 
little better than that of 10% Ir-Pt, 

o Of the noble metals studied platinum is the least active for 
chlorine evolution. 

o Fine wires have a higher current density for a given voltage above 
2,0 volts than the comparable sheet electrodes. 


Cathodic polarization results. The results of potentiostatic cathodic 
polarization of the electrodes studied are shown in Figures B20"B34, As 
seen in these figures, all the electrodes gave similar potential current 
characteristics in synthetic urine. 


The power requirements of a urine electrolysis cell are directly related 
to the cell voltage. To help minimize the power, a cathode material is 
sought which has a low hydrogen overpotential, i.e., lowest polarization 
at a given current density. 
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Table 4 gives the cathodic potentials of the electrodes studied as different 
current densities. These values are taken from Figures B20-B34. As seen 
in the Table 4, platinum black electrodepo sited on platinum exhibited the 
lowest polarization. Of the bright metals studied platinum gave the best 
results . 

The overall polarization studies of electrode materials reveal; 

o Rehnium and zirconium can not be used as cathodes for the 
electrolysis of urine. 

o The most likely candidate cathode materials for the electro- 
lysis of urine are, iridium black electrodeposited on 
platinxjm, platinum black electrodeposited on platinum, 
platinum black/Teflon on platinized Ta, palladium, iridium, 

5% Rh-Pd, 10% Rh-Pt, and 10% Ir-Pt. 

o Platinum black electrodeposited on platinum appears to be 
the best cathodic candidate. 

o Of the bright metals platinum showed the lowest hydrogen 
overpotential . 

2.1.2 Tests Run in Synthetic Urine 

Two t 3 rpes of tests were run on candidate electrodes. These are galvanostatic 
tests and potentiostatic tests. The initial galvanostatic tests using 
synthetic urine were performed to develop a familiarity with the electrolysis 
of urine and the analytical techniques needed in the actual test program. 
Chloride (Cl"), chlorate (Clo‘) , perchlorate (ClO^) , total available 
chlorine (Cl^ , total Kjedahl nitrogen (TKN) , nitrite » and nitrate 

(NO") analyses were performed. A 10% Ir-Pt (30 mil wire) was used as the anode 
in these preliminary tests because of its immediate availability. The cathode 
was a platinum sheet. 

In each of the test runs, 250 ml of synthetic urine was galvanostatically 
electrolyzed. 
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labia 4 

Cathodic Potential of Electrodes 


1 

Cathodic Current Density 

r 

Electrode Materials 

50 

100 

200 

300 


Cathodic Potential vs SCE (-volts) 

Iridium 

1.65 

1.85 

2,05 

2.30 

Palladium 

1.85 

1.95 

2.2 

2.35 

Platinum 

1.55 

1.75 

2.0 

2.25 

Rehnium 

1.70 

1.85 

2.20 

2.45 

Rhodium 

1,50 

1.75 

2.05 

2.30 

10% Ir-Pt 

1.65 

1.90 

2.3 

2.60 

10% Sh-Pt 

1.60 

1.90 

2.3 

2.60 

5% Ru-Pt 

1.70 

1.95 

2.25 

2.50 

Platinum black electro 
deposited on Pt 

1.0 

1.15 

1.35 

1.55 

Iridium black electro 
deposited on platinum 

1.15 

1.3 

1.5 

1.75 

Platinum black/Teflon on Ta 

2.25 

2.6 

2.9 

- 

Palladium black/Teflon on Ta 

2,25 

2.75 

3.0 


Rhodium black/Teflon on Ta 

2.45 

2.65 . 

3.0 


Iridium black/Teflon on Ta 

2.55 

2.80 

3.0 

- 

Platinum black/Teflon on 
platinized Ta 

1.05 

i 

1.25 

1.5 
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The electrolysis was done in a "beaker which was kept below 35°C by a water 
bath. During electrolysis the solution was stiired with a magnetic stirrer. 
Experiments were performed at four different current densities (25 ^ 50, 100, 
200 mA./ cm ) . At various Intervals during electrolysis the solution was 
analyzed for pH, Cl", Clojj^, CIO^, Cl^, TKH, NO^ and NO". 

Tables 5-8 give the resiilts of the these preliminary tests. As seen in 
the tables, the pH of the solution decreased with time and reached a TniTrinm-m 
at which time most of the TKN was removed. Subsequently the pH increased. 

The formation of perchlorate and chlorate was low until all TKH was removed. 
After all the TKH had been removed, the pH started to increase and the 
fo mat ion of CIO^ and increased. 

Figure 3 shows the removal of TKH as a function of A-hr. As seen in the 
figure, the removal of TKCf was independent of current density. Tables 5 “ 8 
show that the amount of nitrite formed was insignificant. Further, there was 
little difference in the amount of nitrate formed in the range of current 
densities used, and this amount was less than 300 ppm as nitrogen. 

The following inferences can be made from the galvanostatic electrolysis 
of synthetic urine. 

o Chlorate and perchlorate are formed in considerable 
quantity only when all the TKH is removed. 

o The removal of TKET is a ftinction of A hr and is independent 
of the current densities. 

o During electrolysis the pH of the solution decreases until 
all TKET is removed, and then the pH increases accompanied 
by an increase in both chlorate and perchlorate, 

Potentiostatic investigations of anode materials. - Figure shows the 
test cell and experimental setup used in these experiments. A peristaltic 
pump (Manostat Verlstaltic St an d ar d Model) was used to circulate synthetic 
urine through the cell at a flow rate of 600 ml/minute. The total volume of 
solution used for each run was 600 ml. For the first few test r\ms, medical 
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TABI^: 5 





I 




4 . _t .8 * — ■ 1 a 

H :V;.'-*?t 0 » « 


• ■ t 


Galvanostatlc Test Run In Synthetic Urine with 10% Ir-Pt 


A*hr 

Anode 
Potential 
vs SGE 
volt 

pH 

Cl" 

ppm 

cio7 

4 

ppm 

CIO" 

ppm 

CI2 

ppm 

TKN 
ppm H 

HO" 
ppm H 

no; 

ppm N 

0 


7.4 

5600 

0 

0 

0 

7480 

0 

0 

1.1 

2.40 

6,5 

5590 

1.3 

2.0 

1 

6493 

24,3 

6.7 

2.2 

2.30 

6.3 

5590 

1.5 

2.7 

2.1 

6000 

41.8 

4.7 

3.3 

2.34 

6.7 

5590 

1.7 

2.0 

1 

5080 

85.6 

5.2 

4.4 

2.35 

6.8 

5590 

3.4 

4.9 

1.6 

4850 

116.0 

5.0 

5.5 

2.26 

7.0 

5550 

6.4 

18.4 

9.4 

— 

108.0 

3.8 

7.4 

2.25 

6.9 

5480 

26.0 

63.2 

25.5 

3150 

172.5 

1.5 

9.4 

2,13 

6.7 

5400 

39.0 

65.4 

19.5 

2310 

123.5 

1.5 

11.5 

2.12 

5-7 

5150 

15,0 

75.2 

122.5 

294 

145.0 

0 

13.7 

2.40 

3.3 

3850 

26.5 

526.5 

117.0 

28 

235.0 

0 


Area of the electrode = 6.25 cm^ 



I 


1 

I 


Cfurrent used =156 tnA 

Volume of synthetic urine used = 250 ml 


LOCKHEED MISSILES 8c SPACE COMPANY. INC. 


TABI^E 6 


GalvanoBtatic Test Run in S 3 mthetic Urine with 10% Ir-Pt 

2 

At 50 mA/cm 


A*hr 

Anode 

Potential 

pH 

Cl" 

cioj 

cxo; 


TKN 

no; 

KO; 


va SCE 
volt 


ppm 

ppm 

ppm 

ppm 

ppm N 

ppm H 

ppm N 

0 


7.4 

5600 

0 

0 

0 

7480 

0 

0 

1.91 

2.67 

6.1 

5570 

3.7 

0 

1 

5850 

30 

2.0 

4.05 

2.29 

6.5 

5450 

8.5 

14,8 

14.3 

5760 

75 

6.0 

8.53 

2.47 

7.2 

5500 

20. 

45.0 

65.8 

3110 

144 

0.75 

11.40 

2.95 

6.9 

5420 

7.5 

80.0 

64.8 

1485 

250 

0.50 

14.50 

2.88 

3.2 

4675 

10.0 

416 

73.4 

0 

278 

0 

17.8 

3.38 

7.7 

1925 

80 

1100 

681 

0 

- 

- 


2 

Area of the electrode = 12.5 cm 

Current used 625 tnA 

Volume of synthetic urine used = 250 ml 
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TABLE 7 


Galvanoatatlc Test Run In S3mthetic Urine with 10% Ir-Pt 

2 

At 100 mA/cm 


A’hr 

Anode 
Potential 
V3 SCE 
volt 

pH 

Cl" 

ppm 

cio; 

ppm 

cio; 

ppm 

“2 

ppm 

TKN 
ppm N 

NO" 
ppm N 

no; 

ppm N 

0 


7.4 

5600 

0 

0 

0 

7480 

0 

0 

1.68 

2.32 

5.8 

5400 

3.5 

11,2 

136 

5070 

14 

1,3 

4.04 

2.38 

6.1 

5340 

12 

15,9 

161 

4000 

39 

1.0 

5.85 

2.43 

6.6 

5500 

32 

23.4 

120 

— 

63 

1.1 

8.10 

2.29 

7.1 

5400 

40 

41.6 

151 

2610 

128 

0.7 

12.55 

2.53 

3.7 

4890 

80 

212 

134 

798 

215 

0.6 

16.7 

3.07 

8.0 

2210 

70 

1675 

600 

0 

— 

-- 

19.8 

2.9 

8.3 

1480 

1500 

1008 

663 

0 

264 

0 


Area of the electrode = 6.25 cm' 


Current used - 625 mA 

Volume of synthetic urine used - 250 ml 
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TABLE 8 


Galvanostatic Test Run in Synthetic Urine with 10% Ir-Pt 

At 200 inA/cm^ 


A*hr 

Anode 
Potential 
vs SCE 

pH 

Cl” 

ppm 

CIO, 

4 

ppm 

CIO” 

ppm 

1 Cl^ 

ppm 

TKN 
ppm N 

no" 

ppm'^N 

no” 

ppm N 

0 


7.5 

5600 

0 

0 

0 

7500 

0 

0 

2.31 

3.10 

5.7 

5210 

10.0 

3,6 

200 

6050 

33.3 

1.2 

5,01 

3.10 

6.4 

5075 

23.5 

26.6 

225 

4200 

63.8 

1.2 

7.53 

2,80 

5.9 

5075 

40. 

74 

205 

2420 

131. 

0.5 

11.50 

2.72 

5.3 

4850 

47.5 

100 

300 

531 

205 

0.3 

13.40 

3.78 

4.3 

3760 

160. 

630 

180 

0 

247 

0.4 

16.40 

3.90 

7.9 

1830 

178 

880 

360 

0 

- 

- 

18.30 

3.9 

8.6 

725 

1800 

1300 

200 

~ 


“ 


2 

Area of the electrode = 6,25 cm 

Current used = 1,25 A 

Volume of S3mthetic urine used = 250 ml 




Fig. 3 Galvano static Test Runs in Synthetic Urine 
with 107* Ir-Pt - TKH Removal 
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grade tygon tubing was used for solution transfer. However, some anomalies 
were observed in the test results, thus, the tygon tubing was replaced 
by silicone tubing. 


The temperature of the solution was kept below 35°C. by passing it through 
a coil of silicone tubing immersed in ice cold water. 

Anode materials were tested. The cathode used throughout the tests was 
a 2 mil thick 7 cm x 5 cm platinum sheet. The anode and cathode were 
separated by a removable porous partition (Gelman AlT-1200 Acropor) . At 
each selected test potential, an Anotrol potentiostat was used to keep the 
anode potential constant with respect to a saturated calomel electrode (SCE) , 
The current at constant anode potential was monitored by a Leeds and Northrop 
Speedmax recorder. At intervals the solution was analyzed for pH, Cl~, ClO^, 
GlOg, TEN, ^^2^* electrode materials tested in S3mthetic 

urine were palladium, 10% Ir-Pt, platinum black electrodeposited on Pt 
(platinized Pt) , 10% Eh-Pt and platinxjm black/Teflon on platinized tantallum. 

Test runs \jith palladium: The anode was 7 cm x 5 cm 2 mil palladium sheet. 

Only one surface was exposed to the solution, and the other was masked with 

Teflon adhesive tape (of the several masking materials tried, Sanders S115 

Teflon adhesive tape was found to be most suitable) , Thus the exposed anode 
2 

area was 35 cm * An anode/ cathode separator was used. During the electrolysis 
the palladium was kept at 1.7 volts vs, SCE. The current at this potential 
was 1,5 A, During electrolysis a black solid deposit was observed to form on 
the cathode. After 9 hours, the electrolysis was stopped and the electrodes 
were removed from the cell and physically examined. The platinum cathode 
was covered with a black shiny adherent deposit and the palladium anode 
was rough, indicating degradation. The black deposit on the cathode was 
probably due to palladium deposition. Since after 9 hours of electrolysis 
significant dissolution of palladium had occurred, the potentiostatic test 
run was discontinued. 
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Test runs with 10% Ir-Pt: The anode was 7 cm x 5 cm 2 mil 10% Ir-Pt sheet 

with one surface of the sheet masked with Teflon as before; the exposed 

2 

area of the electrode was 35 cm . 

Test runs were made at anode potentials of 2.5 and 3.0 volts. At the 
high voltage, test runs were performed with and without the partition. 

At the lower potential, the test was perfoinned without the partition. 

At each anode potential the electrolysis current was monitored. There was 
only a slight variation of the current with time. At anode potential of 
3.0 volts, the average current was 2.80 A and at the lower potential (2.5 
volts) the average current was 1.24 A. At the end of electrolysis the 
solutions were analyzed for platinum. The analysis of the solutions showed 
that there was some dissolution of the anode, i.e., after 56 A hours of 
electrolysis at 3,0 volts the solution contained 13.2 ppm of Ft. 

The results of the potentiostatic electrolysis of urine with 10% Ir-Pt anode 
are given in Tables 9-12, The results shown in Tables 9-11 are for 
test runs with tygon tubing while Table 12 shows the results with silicone 
tubing for the recirculation. 

As seen in Table 9 - 11, when tygon tubing was used for the recirculation 
of the solution, the pH of the solution decreased with time and remained 
low even after all the TKK was removed. 

This observation was different from that observed for the galvanostatic 
electrolysis (7i'ables 5-8). During galvanostatic electrolysis of the 
synthetic urine, with the 10% Xr-Pt anode, the pH of the solution decreased 
with time until all of the TKN was removed and then pH started to increase 
and reached a value above 7.0. When silicone tubing was used in the re- 
circulation loop, the results obtained were similar to those observed during 
the galvanostatic test runs (Table 12). This suggests that the differences 
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TABLE 9 


Potentlostatic Test Run with S 3 mthetic Urine with 107» Ir-Pt* 


A- hr 

pH 

Cl" 

cio7 

4 

cio7 

4 

“I 2 

TKN 

ho; 

I CM 

0 

TOG 

COjD 



ppm 

ppm 

ppm 

ppm 

ppm Ef 

ppm N 

ppm H 

ppm 

ppm 

0 

7.5 

5600 

0 

0 

0 

7500 

0 

0 

6200 

8800 

s.s 

6.7 

4900 

30 

- 

300 

2900 

48.7 

0 

2200 

4100 

24.55 

5.6 

4475 

85 

114 

350 

- 

138 

0.9 

950 

3300 

28.40 

5.1 

4350 

100 

266 

390 

1000 

223 

0.3 

850 

3300 

32.40 

3.6 

3980 

138 

752 

390 

350 

310 

0 

850 

1200 

35.90 

2.9 

3570 

180 

1640 

260 

80 

260 

0 

- 

600 

41.12 

2.9 

2620 

600 

3360 

178 

0 

348 

0 

180 

250 

47.87 

3.2 

1330 

1X00 

5040 

200 

0 

303 

0 

25 

0 

53.68 

2.8 

725 

3500 

5625 

153 

0 

- 

- 

- 

- 

58.75 

2.8 

186 

8600 

2160 

32 

0 

- 

- 

0 

0 


*Test run with tygon tubing for solution transfer 
Anode Potential =3.0 volt vs. SCE 
Average Current = 2.8 A. 

Volume of Synthetic Urine Used = 600 ml. 
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TABLE 10 


Potentiostatic Test Run in Synthetic Urine with 10% Ir-Pt and With Partition* 


A'hr 

pH 

Cl" 

ppm 

cio; 

ppm 

cio" 

ppm 

ppm 

TKN 
ppm N 

ho; 

ppm N 

ho; 

ppm H 

TOG 
ppm H 

CO^B 

ppm 

0 

7.5 

5600 

0 

0 

0 

7500 

0 

0 

6200 

8800 

12.5 

6.6 

4800 

20 

- 

248 

3050 

. 38.4 

0.6 

- 

- 

20.7 

7.0 

4740 

23 

8.0 

170 

1700 

73.1 

0.4 

- 

- 

27.67 

6.7 

4600 

40 

13.0 

365 

765 

85.0 

0.15 

- 

- 

34.92 

3.4 

4040 

48 

10.5 

325 

75 

202 

0 

- 

- 

41.74 

3.0 

2900 

280 

68 

96 

0 

300 

0 

- 

- 

45.14 

3.65 

2295 

420 

67 

67 

0 

•• 


200 

550 


*Test run with tygon tubing for solution transfer 
Anode Potential = 3.0 volt vs. SC3E 
Average Current = 2.8 A 
Volume of synthetic urine used == 600 ml. 
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TABLE 12 


Potentio static Test Run in Synthetic Urine with 10% Ir-Pt, Silicone Transfer* 


A*hr 

pH 

Cl“ 

ppm 

cioT 

4 

ppm 

cio; 

ppm 

CI2 

ppm 

TKN 
ppm H 

no; 

ppm K 

no; 

ppm N 

TOC 

ppm 

CO 2 D 

ppm 

0 

7,7 

5600 

- 

- 

- 

7800 

0 

0 

5250 

11690 

10.38 

6.1 

4950 

11.2 

33,3 

230 

5480 

31.2 

1.3 

4045 

11090 

22o26 

7.2 

4880 

17 

65.0 

161 

2775 

133 

0.5 

1475 

5950 

29.86 

5.2 

4320 

30 

555 

432 

1304 

204 

0 

1475 

5300 

36.66 

3.6 

3040 

52 

1710 

260 

435 

288 

0 

1000 

3700 

44.46 

7.2 

1413 

200 

4240 

308 

58 

339 

0 

450 

500 

52,05 

8.5 

450 

2100 

3450 

245 

0 

355 

0 

0 

0 

56.31 

9.0 

395 

4500 

1380 

29 

0 

- 

- 

0 

- 


*Test run with silicone tubing for solution transfer. 
Volume of the synthetic urine used = 600 ml 
Anode potential = 3,0 volt vs. SCE 
Average current = 2.9 A 

2 

Area of the anode = 35 cm 



observed between the test runs with tygon and silicone tubing for recirculation 
may well be ascribed to interferences from the tygon toibing. 

As shown in Tables 9-12 the perchlorate formation was low until most of 
the TKH has been removed and further electrolysis , which is necessary to remove 
the remaining TOC, resulted in the formation of perchlorate in considerable 
amounts. 5’igure 5 shows that the removal of TKPf is a function of A*hr. As 
shown, the removal of was Independent of anode potential (i.e., current 
density) and partition. This confirms the results of the galvanostatic elec- 
trolysis of synthetic urine. 

Test runs with platinized platinum: The anode and cathode were 4 cm x 2 l/2 cm 

2 mil platinized platinum sheet. Only one surface was exposed to the solution 

and the other surface was mashed with Teflon adhesive tape. Thus, the exposed 

2 

areas of the anode and cathode were 10 cm . The anode and the cathode were 
10 cm^. The anode and the cathode were separated by a porous partition (Gelman 
AU-1200 Acropor) . 

The anode was kept at 3.0 volts vs. SCJS. The current at this potential was 
monitored and there was very little change with time. The average current 
was 1.8 A. The electrolysis was continued until the level of TOC was less 
than 100 ppm. At the end of the electrolysis the electrodes were physically- 
examined, both showed considerable degradation indicating that the platinum 
black as deposited was insufficiently adherent. The solution contained 14,2 ppm 
of platinum after 56 A*hr. The results of the potentiostatic test nm are given 
in Table 13- The results show that perchlorate foimation was low until most 
of the TKN has been removed, and even after the removal of TKK there was 
considerable TOC and CO^D remaining in the solution. Further electrolysis 
to remove TOC resulted in the formation of a large amount of perchlorate. 


2-25 


LOCKHEED MISSJLES 8t SPACE COMPANY. INC. 



Fig. 5 Potentio static Test Runs in Synthetic Urine with 
10% Ir-Pt - TKN Removal 
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TABLE 13 

Potentiostatic Test Run in Synthetic Urine with Platinized Platinttm and with Partition 


7s 

X 

m 

R 

D 

s 

m 

F 

m 

U) 

R> 

U) 

■Q 

> 

o 

rn 

o 

O 

s: 

T) 

> 

2 

< 

2 

p 


A*Hr 

pH 

Cl" 

cio; 

CIO- 

CI2 

TEtN 

no" 

NO- 

TOC 

CO^D 



ppm 

ppm 

ppm 

ppm 

ppm N 

ppm N 

ppm N 

ppm N 

ppm 

0 

7.6 

5600 

“ 

- 

- 

7800 

- 

0 

5250 

10200 

7.45 

7.5 

5420 

12 

3.1 

3.5 

5885 

16.0 

0,3 

3600 

9500 

12.07 

7.8 

5330 

10 

6.7 

4,0 

4300 

24.5 

0.3 

2710 

6800 

18.30 

7.0 

5330 

34 

47.2 

60.0 

3200 

38.2 

2.8 

2525 

5800 

25,40 

7.2 

4880 

68 

188 

350 

2295 

60.8 

0.2 

1575 

5600 

31.50 

4.7 

4390 

90 

785 

415 

1015 

255 

0 

1345 

4100 

39.00 

3.7 

3840 

104 

2100 

166 

0 

400 

0 

895 

3200 

44,30 

5,4 

1362 

350 

3780 

172 

0 

363 

0 

455 

730 

52,5 

8.0 

925 

700 

5920 

230 

0 

324 

0 

305 

300 

56.10 

8.9 

675 

1050 

5340 

92 

0 

300 

0 

100 

0 



Volume of the synthetic urine used = 600 ml 
Anode potential = 3.0 volts vs, SCE 
Average current = 1.8 A 

2 

Area of the anode = 10 cm 



in 






■ii “ ^ ■ -- -- ^ 

' ' *^ • ■ J'. .A. . /> ^.r.J:'- ii ■■^^L." - ^ '^|-| li' ■ 1^1 *V ^ ■ -■.-f~- . • ..hlv- i:-, . i.'f* .-. ^U. •Jk.«^'-. p. i j j ttk i iii^i nl&h t O 4tr^~ii i i ' ll ‘ T ^llf^i^^ 




c 



Test runs with 10^ Eb-Pb: Here again the anode was a 2 3n±l 7 cm x 5 cm sheet 

with one surface masked with Teflon adhesive tape so that the exposed surface 
2 

area was 35 cni . 





During the test run the anode potential was held at 3-0 volts^ and the current 
was continuously monitored. The average electrolysis current was 3*9 A and 
it changed very little time. After the test was completed, the electrode 
was examined, and the solution was analyzed for Pt. 

The anode remained shiny and showed no signs of degradation. The solution 
contained 10.4 ppm of Pb after 57 A 'hr of electrolysis. The results of this 
test are shown in Table 14. They are similar to that observed for the 10^ 
Ir-Pt. 


Figure 6 shows the perchlorate formation and pE change. Figure 7 shows 
the removal of TKE, and Figure 8 shows the TOC removal for the three anode 
materials tested at a constant potential of 3*0. From the results the follow- 
ing inferences can be made. 


o Perchlorate formation is low until all of the TM has 
been removed. 

o During electrolysis, the pH of the solution decreases 
and reaches a minimum at which point all TKSI has been 
reurived and the pE starts to increase accompanied by 
the formation of perchlorate in considerable amounts. 

o Continued electrolyais to remove TOC to the retjuired 
level (less than 100 ppm) results in the production of 
perchlorate in large quantity. 

o Separation of the anode and cathode may reduce perchiLorate 
formation but the removal of TOC is less efficient with 
a separator. 

In order to obtain a lower perchlorate level a test was run using the 
Rh -Pb electrode at two voltage levels. 
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TABLE 14 

Potentlostatic Test Run in Synthetic Urine with 10% Rh-Pt, 3 Volts 



A*hr 

pH 

Gl" 

ppm 

cio; 

ppm 

clo; 

ppm 

Cl^ 

ppm 

TKN 

ppm 

no" 

ppm N 

NO" 

ppra"^ 


0 

7.7 

5600 

- 

- 

- 

7800 

- 

- 


12.60 

5.9 

4860 

13 

35.6 

252 

5260 

44 

1.9 


29,80 

5.5 

4460 

34 

214 

322 

1122 

121 

0 


35.57 

3.5 

3500 

50 

1008 

160 

90 

259 

0.3 


43,57 

6.7 

2180 

270 

3100 

268 

0 

327 

0 

N> 

1 

51.97 

8.3 

635 

1850 

4320 

440 

0 

310 

0.3 

M 

VO 

57.55 

9.0 

377 

4500 

1890 

124 

0 

- 

- 


Volume of synthetic urine used = 600 ml 
Anode potential ~ 3.0 volts vs, SCE 
Average current == 3.9 A 
Area of the anode *= 35 cm^ 
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Figure 7 Potentiostatic Test Runs in Synthetic Urine at 3.0 
Volts TKU Removal and pH Change 
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In this testj synthetic urine was electrolyzed at 3*0 volts for 33 A»hr. 

Then, the potential was decreased to 2.0 volts. The electrolysis at 2.0 
volts was continued until all TOG was removed. The average current at 3.0 
volts was 3*9 A and at 2.0 volts was 0.4 A. 

The results of this test run are shown in Table 15, and it may he seen that 
the amount of perchloiate formed, even after the complete removal of TOC, 
was less than 60 ppm. This result showed that at 2 volts perchlorate 
formation was minimal. 

Test runs with Pt hlach/Teflon on platinized tantalum: The anode and cathode 

5 cm X 4 cm platinum hlack/Teflon plaque with expanded platinized tantalum 
as the siflDStrate , The electrodes were prepared using the method described by 
B. M. Greenough (MSC -07384). Both surfaces of the electrodes were exposed 
to the solution. During the run at 2.0 volts, the electrolysis current was 
monitored and little change was observed with time. The average current during 
the electrolysis was 3-7 A. The electrolysis was continued for 79 A*hr. at 
which time both electrodes were physically examined. Considerable degradation 
was observed. The cathode became very brittle. This mi^t be due to the 
hydridization of the tantalum substrate. Results of the test run are shown 
in Table I6. It is observed that even after passing 79*45 A*hr. the solution 
contained a considerable anraunt of TOC. Afber 79*^5 A* hr., the perchlorate 
present in the solution was 68 ppm. This indicates that at 2 volts perchlorate 
formation was minimal j however, the efficiency for the removal TKJT and TOC 
was much lower with platinum black/Teflon plaque than previously observed 
with 10^ Rh-Pfc or with IC^ Ir-Pt. When 10?£ Rh-Pt and 10^ Ir-Pt were used for 
the electrolysis of synthetic urine, the co235>lete removal of TKN was accomp- 
lished with 40 A ‘hr. and TOC level reached below 100 ppm after 52 A*hr. With 
platinum black/Teflon plaque the complete removal of TKR was attained only 
afber 66.8 A*hr. and even after 79-^5 A*hr. the solution contained 350 ppm of 
TOG. The above results show that platinum black/Teflon plaque is not as 
efficient an anode for the removal of TKR and TOC as are lOjS Ir-Pt and 10^ 
Rh-Pt. 
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TABLE 15 

Potent ioatatic Test Run in Synthetic Urine with 10% Bh-Pt, 3 Volts and 2 Volts* 



33,0 3.9 


34.64 3,5 

36.22 3,6 


37.22 3.9 

38.82 4.15 


39.43 4.4 
40.19 5.7 
41.72 7.4 




Volume of synthetic urine “ 600 ml 
Average current at 3 volts = 3.9 A 
Average current at 2 volts - 0.4 A 

O 

Area of the anode = 35 cm'^ 


*Synthetic urine was electrolyzed at anode potential 3,0 volts for 33 A*hr and then the potential 
was decreased to 2.0 volts. 
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TABLE 16 




PotentioBtaCic Test Run in Synthetic Urine with Platinum Black/Teflon Plaque 


Volume of synthetic urine used = 600 ml 
Anode potential - 2.0 volt va, SGE 
Average current = 3.7 A 


O O 


Area of the anode = 40 cm 


s ? 


1 > 


Lj EJ 


05 


A'hr 

pH 

Cl“ 

cio^ 

CIO” 

^^2 

TKN 

NO- 

ho; 

TOC 



ppm 

ppm 

ppm 

ppm 

ppm M 

ppm H 

ppm H 

ppm 

0 

7.5 

5600 

- 

- 

- 

7350 

- 

- 

4780 

11.05 

7.1 

- 

5.3 

159 

638 

“ 

20.4 

0.6 

3800 

17,68 

6.9 

- 

7.4 

- 

- 


- 

- 

- 

30.11 

6.4 

4550 

14 



2395 

67.2 

0.3 

2250 

41.61 

4.3 

4270 

22 

1324 

280 

- 


- 

1330 

45.05 

3.5 

- 

22 

- 

- 

- 

- 

- 

- 

48.49 

3.0 

- 

28 

“ 

- 

- 

- 

- 

- 

52.04 

2.8 

- 

33 

- 

- 





57.29 

2,9 

2750 

42 

3000 

104 

327 

- 

- 

1100 

63.63 

4.1 

2380 

68 

3970 

25 

160 

213 

0.5 

730 

66.83 

4.6 

“ 

68 

4650 

- 

60 

206 

0.6 

700 

79.45 

6.3 

838 

68 

— 

0 

0 

303 

0.5 

350 





This electrode was also non with an initial high voltage followed by lowered 
voltages. In this test 6oO ml of synthetic urine was used. The anode was a 
ll- cm X 3 cm platinum black/Teflon plaque. The cathode was a 2 mil Y cm x 5 cm 
platinum sheet. Both surfaces of the anode were exposed to the solution. In 
this run, the synthetic urine was electrolyzed at 3-0 volts for 4-0 A ’hr., and 
then the potential was decreased to 2 volts and the electio lysis continued for 
5 more A 'hr. The results of this test run are shown in Table IT- As seen in 
the table, after passing ^0 A*hr. at 3-0 volts the solution contained 1175 Ppm 
of TKN- During the potentiostatic test runs with 10^ Rh-Pt, 10^ Ir-Pt, and 
platinized Pt at 3*0 volts, all the TKU was removed after ^0 A ’hr. (Figure 7) • 

This experiment, therefore, shews that even at an anode potential of 3*0 volts 
platinum blach/Teflon plaque is not as efficient for the removal of TKl and 
TOC as are 10^ Ir-Pt, 10^ Rh-Pt, and platinized Pt. 

Results of synthetic urine tests. - The following overall conclusions can 
be made from the test runs in synthetic urine. 

o During electrolysis at potential above 2.0 volt' the perch- 
lorate formation was insignificant before the removal of TKH. 

o Continued electrolysis at potential above 2.0 volts to 
remove the remaining TOC resulted in the production of 
perchlorate in considerable amouiit . 

o Perchlorate formation was insignificant when anode potential 
was 2.0 volts or less. 

o Palladium electrode corroded considerably during electrolysis. 

0 Platinum black/Teflon on platinized tantalum was inefficient 
for the removal of TKIT and TOC. 

o Platinum black electrodeposited on platinum showed promise in 
tenos of organic removal, however the black deposited on platinum 
degraded during the test run. 

o Corrosion of 10^ rhodium-platinum was less than 10^ iridiimi- 
platinura. 
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TABLE 17 

Potentiostatic Test Kun in Synthetic Urine with Platinum Black/Teflon on Platinized Ta 



pH 

Cl” 

oio; 

cio; 

■=^2 

TKN 


ppm 

ppm 

ppm 

ppm 

ppm K 

7.5 

5600 


.. 

- 

7350 

7.0 


16 

- 

- 

- 

6.8 


20 




6.8 

4840 

42 

126 

300 

2745 

6.6 


45 




4.8 

4490 

59 

445 

450 

1175 

4.6 

4490 

68 

600 

280 

827 

4.2 

- 

60 




3.9 

4320 

68 

755 

158 

639 


0 

7.81 

15.81 

27.81 
31.92 
40.12 

42.10 

43.05 

45.05 


Volume of synthetic urine used = 600 ml 

Average Current at 3,0 volts - 4.0 A. 

Average Current at 2.0 volts = l.OA. 

2 

Area of the anode =» 24 cm 



Synthetic urine was electrolyzed at anode potential 3.0 volts for 40,12 A*hr and then the potential 
was decreased to 2 volts. 


L-^ •• t- jf < .. . 



























2.1.3 Tests Run in Real Urine 


A batch of approximately 3 gallons of urine was collected and stored under 
refrigeration. If the urine was not used before 3 weeks, the batch was 
replaced. Test performed on the urine indicated that after 3 weeks of 
storage the urine was unsuitable for use in the electrolysis experimemts 
because it had started to decompose. 


Potentiostatic tests. - For each test run 600 ml of urine was used and a veiry 
small amount of "DOW Coming Antifoam A Spray" was sprayed over the urine to 
prevent foaming. Both the cell and the experimental setup were the same as 
used for test runs in synthetic urine. During electrolysis the solution was 
analysed for pH, GIO^, CIO^, Cl 2 » Cl", TKN, NO 2 and TOC. 


Tests run with 10% Rh-Pt at 3 volts: The anode and the cathode were the 


same as that used for the test runs in synthetic urine. The electrolysis 
was performed at a constant anode potential of 3,0 volts which gave an 
average current of 3.9 A, The electrolysis continued for 68 A. hr. The 


results of this test run are shown in Table 18. As seen in the table even 


after electrolysis for 68 A*hr., the pH of the solution remained low and 
complete removal of TKN was not obtained. The formation of perchlorate was con- 


siderable even before the removal of TKN. These results are different from 


those obtained with synthetic urine. When synthetic urine was used, the removal 
of 7800 ppm of TKN required 40 A*hr, Since real urine contained 9000 ppm TKN 
it would be predicted that 46 A*hr. complete removal of TKN was not accomplish- 
ed. This run also shows that a considerable quantity of perchlorate is formed 
with real urine even before the total removal of TKN. The reason for the for- 
mation of perchlorate before raaoval of all TKN may be as follows: 

The electrolytic oxidation of real urine is less efficient 
than synthetic urine. Thus, h 3 ?pochlorite ion and h 3 qiochlorous 
acid are not immediately consumed in the oxidation of organic 
materials. Rather, they are converted to chlorates and perchlorate. 
Perchlorates can form at an anode potential above 2.0 volts. 
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TABLE 18 


Potentlofifeatic Test Run in Urine with 10% Rh-Pt 


Cl^ TKK “'^3 

ppm ppiti U ppwi N ppni N 


1.0 0.0 


9.48 

5.9 


62 







16.46 

6.4 

4100 

125 

57 

570 

5440 

43.8 

1.2 


22.43 

6.5 

- 

135 

- 

570 

- 

- 

- 

- 

24.80 

6.4 

3600 

190 

143 

790 

3910 

83.3 

0.5 


34.55 

5.7 

- 

420 

- 

" 

- 

- 

" 


39,05 

4.7 

2500 

500 

805 

875 

1740 

236 

0.0 

4340 

43.00 

3.7 

- 

580 

- 

- 

1650 

- 

“ 


44.66 

3.3 


600 



1277 




49.73 

2.6 

1662 

750 

2275 

250 

962 

259 

0.0 


53,79 

2.3 

- 

1400 

- 

- 

750 

- 

0.0 


57.56 

2.0 


2300 

- 


- 



1100 

61.46 

1.8 

350 

3700 

1950 

14 

487 

332 

3.0 

800 

65.17 

1.8 

- 

4900 

- 

- 

- 

- 

- 

- 

67.92 

1.8 

284 

6000 

194 

11 

327 

315 

3.0 

700 


Volume of urine used = 600 ml 
Anode potential =3.0 volts vs. SCE 
Average current = 3.9 A 


Area of the anode = 35 cm 
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Tests in the 10% Sh-Pt with varying voltage; The reason for undertaking 
this experiment was to confirm that, with real urine, at 2.0 volts the 
formation of perchlorate is considerably lower than that at 3.0 volts. 

T-n this test run, urine was electrolyzed at an anode potential of 3,0 volts 
for 32.6 A‘hr. and then the potential was decreased to 2.0 volts. The 
electrolysis was continued at 2.0 volts for 8 additional A-hr. The results 
nf this run are shown in Table 19. As seen in the table, during electrolysis 
at 2 volts there are apparently no increase in the amount of perchlorate 
present in the solution. This result show that formation of perchlorate is 
essentially inhibited at 2.0 volts. However, the current passing at 2.0 
volts with 10% Rh-Pt was so small that it has to be considered impractical 
for a viable system. 


Tests run with Pt black/Teflon on expanded platinized tantalum: For this 

study, the platinum black/Teflon on expanded platinized tantalum was 

( 2 ) 

prepared by the method as described by Vogel with slight modification. 

In this method of preparation, no extender was used as in the case of 

(3) 

platinum black/Teflon plaque previously tested in synthetic urine 


In this test run, 600 ml of- urine was used. The anode was a 4 cm x 4 cm 
platinum black/Teflon plaque. Both surfaces of the electrode were exposed 
to the solution. The cathode was a 2 mil 7 cm x 5 cm platinum sheet. A test 
run was made at an anode potential 2.0 volts. The current during electrolysis 
was monitored and there was very little change with time. The average current 
during the electrolysis was 3.4 A. The electrolysis at 2.0 volts was con- 
tinued for 71.0 A* hr. The results of this run are shown in Table 20. On 
comparing the results of the experiment with platinum black/Teflon with 
the results of 10% Eh-Pt (Table 20 and 18) , it can be seen that the formation 
of perchlorate is considerably lower at the platinum black/Teflon electrode 
than at the 10% Eh-Pt. However, the efficiency for the removal of TKN and 
TOC xrf,th platinum black/Teflon is lower than with 10% Eh-Pt. For example, 
after 71 A*hr. of electrolysis with platinum black/Teflon the amounts of 
GlO^, TKN and TOG present in the solution were 800 ppm, 800 ppm and 1450 ppm 

(2) W. M. Vogel and J. T. Lundquist, J. Electrochem Society 12 1512-1516 
1970. 

(3) B. M. Greenough, MSG 07384. 
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A*hr 


0 

8.60 

14.28 

30.70 

^ 4.48 

28.91 

32.61 

33.28 

34.50 

35.19 
35.85 
36,55 
36.94 

38.20 

38.91 

40.11 


TABLE 19 

Potentios tatic Test Run in Urine with 10% Rh-Pt, 3, 2V* 


Cl" 

o 

1 

cioj 

“la 

OKN 

NO^ 


ppm 

ppm 

ppm 

ppm 

ppm N 

ppm N 

ppm 

5300 




9000 

1.00 

0.3 


3820 

200 

100 

680 

3800 

117 

1.2 


310 






3410 

375 

300 

788 

3800 

162 

0.3 

3545 

375 

430 

200 

290 

3500 

222 

0.0 




4050 

31^-50 


VoluniQ of urine u*3nd 600 ml 
Average current a; 3 volts = 3.95 A 
Average current at 2.0 volts :^0«35 A 

. . r- 2 
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TABLE 20 




Potentlostatlc Test Sun in Urine with Platinum Black/Teflon on Platinized Ta* 



Vo3.um0 of urijoe m;j€:d = 600 ml 

Anode potential = 2: volts 

Average currant = 5-.4 A 

Area of the electjr'cde ~ 32 cm^ 
^Modified platinum black/Teflon prepared without the extender 




AVt-e i: t iilii 






respectively. During electrolysis with 10^ Rh-Pt after 68 A*hr of electrolysis 
the amoimts of TKU and !I0C present in the solution were 6000 ppm, 327 PPm 

and TOO ppm respectively. 

These results show that even the modified method of preparation of platinum 
hlack/Teflon plaque did not give good performance for the removal of TKN 
and TOC. 

Results of potentiostatic tests; The following inferences can be made from the 
results of potentiostatic test runs in urine: 

o The efficiency for the removal of TKN and TOC from real 
urine is lower than from synthetic urine. 

o In the present set up for potentiostatic runs, the 

electrolysis of urine at 3*0 volts gives a considerable 
amDunt of perchlorate even before the removal of TKIT. 

o The perchlorate formation is considerably lower when electrolysi 
is conducted at an anode potential of 2.0 volts. 

o The efficiency for the removal of TKN and TOC is lower with 
a platinum black/Teflon plaque electrode than with lOji Rh-Pt. 

Galvanostatic tests. - The potentiostatic test runs in urine with 10^ Rh-Pfc 
and with platinimi black/Teflon plaque electrodes showed poor performance for 
the removal of TKH and TOC and also showed that perchlorate was formed in con- 
siderable quantity even before the removal of TKl", It was suspected that this 
poor performance might be due to insufficient mixing of the solution or the 
real urine contains constituents which are not present in synthetic Jirine. 

The presence of these constituents may decrease the reaction rate between 
h ypochlorite fonned during electrolysis and the organic matter present 
in urine. If the hypochlorite formed during electrolysis is not consumed 
immediately for the removal of organic matter, it will be converted into 
chlorate and then to perchlorate since perchlorate can form at an anode 
potential above 2.0 volts. The chlorate and perchlorate formed are ineffective 
for the oxidation of organic matter. This might be the reason for the obsejTved 
poor performance of IO 5 S Rh-Pt and the formation of perchlorate before the 
removal of TKN. 
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In the potent io static set up, the urine was circula1;ed at 600 ml/min by a 
peristaltic pump. The mixing of the reaction products at this circulation 
rate was believed insufficient for the reaction of the more refractory organic 
matter present in real urine wit}", hypochlorite before the production of chlorate 
and perchlorate. 

To determine whether the high amount of perchlorate formed before the removal 
of TKU was due to insufficient mixing, galvanostatic tests were conducted 
in a beaker with the solution beii^ vigorously mixed with a magnetic stirrer 
during the electrolysis. 

It was observed during the potentio static teats that the current remained 
fairly stable for a given potential. This being the case it was decided to 
perform fiarther testing by the galvanostatic technique because it is easier 
to control than the potentio static method. 

Test runs with IC^ lljr-Pt: The anode was IC^ wire (30 mil) 5 the cathode 

was platinum sheet j and 100 ml of urine was used. The results of two test 
runs are shown in Tables 21 and 22. As seen in the tables, the perchlorate 
formation was very low before the removal of TKN. The results of the gal- 
vanostatic tests run in real urine with stirring are similar to those obtained 
for potent iost at ic tests run in synthetic urine and far better than those 
obtained for the potentiostatic run in real urine where mixing was by 
solution circulation only. 

These results conf limed that the formation of considerable perchlorate before 
removal of TKN during the potentiostatic tests run in real urine was due to 
insufficient mixing of the solution. 

Da the following galvanostatic test runs, 600 ml of urine was electrolyzed 
in a beaker with a magnetic stirrer. 
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Test runs with 10^ Rh-Pfc sheet: The anode was 7 cin x 5 cm (35 cm ) , 2 mil 

lOfo Rh-Pt sheet j one side of which was mashed with Teflon adhesive tape, 
and the cathode was a 7 cm x 5 cm platinum sheet. The current used was 3*9 A 
because this value was the average obtained during the pot entio static test run 
at 3*0 volts with the same electrode. The anode potential was measured periodically. 
At the start of the electrolysis, the potential was 3*0 volts SCE. As 
electrolysis progressed the potential decreased a little and remained essentially 
constant at 2.8 volts. The results of two test runs are shoi^m in Table 23. 

Runs 1 and 2 were with two different batches of urine. As seen in the table, 
when the urine contained if 500 ppm of TOC, 63.8 A-hr of electrolysis were 
required for its removal and only 700 ppm perchlorate was formed, but when the 
urine initially contained 8000 ppm of TOC, after electrolysis for 72.2 A*hr, 
the remaining TOC was 480 ppm and the perchlorate formed was 1900 ppm. From 
these results it seems that when urine contains a high initial TOC content 
the removal of the last traces by continued electrolysis at hi^ current 
results in the production of a considerable aim tint of perchlorate. At the end 
of electrolysis the solution was analyzed for platinum. For Run 1 after 62.8 A*hr 
of electrolysis, the solution contained 15*4 ppm of Ft and for Run 2 after 
72.2 A*hr. of electrolysis the solution contained 19,2 ppm of Ft, 


Test runs with platinum black/Teflon plaque: The anode was 4 cm x 4 cm platinum 

black/Teflon plaque. The cathode was 7 cni x 5 cm platinum sheet. The current 
used for the test was 3*4 A which was the average current obtained during the 
patent iostatic test run in urine with the same electrode. The results of the 
test run are shown in Table 24. As seen in the table, the perchlorate for- 
mation is low before the removal of TKU. On comparing the results of potentiostatlc 
run (Table 20) and galvanostatic run, one observes that galvanostatic conditions 
(with the vigorous mixing) was more efficient for the removal of TKW and TOC, 
but again the efficiency for the removal of TK3J and TOC from urine is con- 
siderably lower with platinum black/Teflon electrode than with 10^ Rh-Pt 
(Table 23 Run irl) • For example, with IO5S Rh-Ft the complete removal of TKN 
and TOC was obtained after 63*8 A*hr,, but with platinum black/Teflon even 
after 75*75 A ’hr. of electrolysis the solution contained 400 ppm of TOC. 
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TAB!® 2 


Galvanostatic Test Run in Urine w 






A-hr . 

pH 

01“ 

c3o;[,. 


*Run ^1 


— 

0 

63.8 

6,2 

7.4 

5310 

Yoo 

1 *Run #2 

1 

0 

6.2 

5900 

4# 

62.4 

Y -5 

23£0 

450 

72.2 

8.3 

75 Y 

1900 


Volume of urine used = 600 ml 

2 

Area of Anode 13*2 cm 
Current used = 3»9A 

*Runs #1 and #2 vere -with different bat< 
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:ine with Platinum Black/Teflon 


m 





4500 

58 

850 

- 

180 

204 

1030 

210 

^L. 

0 

400 


irlTie used = 600 ml. 

2 

* electrode = 32 cm 
id = 3.4 A. 
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2.1.4 Wire Electrode Evaluations 

Two series of tests were run on a wire electrode configuration. Development 
work at Lockheed carried out under internal development has shown that the 
wire electrode configurations have higher current densities than sheet 
electrodes. The first of these used a 10 mil 107o Kh-Pt wire. The second 
used 10 mil iridium wire. The anode consisted of a grid of wires spot welded 
on a rectangular frame of tantalum rod. The anode configuration is shown 
in Figure 9. The cathode was a 7 x 5 cm Pt sheet. 

Tests using 10% Eh-Pt wire. - The first tests were carried out using a wire 
electrode made up of 107o Eh-Pt wire. Tt?o tests were run at constant amperage 
and a number mode with an initial high amperage followed by lowered amperage 
after TKtT approached zero, A series of tests were then run galvonostatically 
at various levels of amperage. 

Tests run at 3,9 A: Two sets of runs were made at the 3.9 A level. During 

electrolysis the potential was measured periodically. At the beginning 

of the electrolysis for both runs the potential was 3.1 volts vs SCE and 

it decreased a little during electrolysis and remained constant at 2.8 volts. 

2 

Though the area of the wire electrode was only 13.2 cm , the current density 
obtained with a 10 mil wire electrode for a given potential was about three 
times that of the current density obtained on a plain electrode. The results 
of the two test runs are shown in Table 25. As seen in Table 25, continued 
electrolysis at high current to remove TOC resulted in the formation of 
perchlorate in considerable amounts. At the end of the electrolysis the 
solution was analyzed for Pt. For Run 1 after 62 A*hr. of electrolysis 
the solution contained 18.5 ppm of Pt and for Run 2 after 72.2 A*hr, of 
electrolysis the solution contained 11.8 ppm of Pt. 
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0.32 cm DIA 
TANTALUM RODS 


TANTALUM RODS 
SPOTWELDED “ 
TOGETHER 


0.5 K 0,9 cm 
FLAT STRIP 
COLUMBIUM 
(EACH END) 
SPOTWELD 


XO MIL DIA 

10% RHODIUM-PLATINUM 
WIRE SPOTWELDED TO 
TANTALUM RODS 


0.32 cm DIA 

TANTALUM 

ROD 


5.5cm 



7.5 cm 


Figure 9 Anode Configuration for 10% Rh-Pt, 10 Mil Wire 
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Tests run at 3*9 A followed "by l.O At In this run urine was electrolyzed with 
a 10^ Eh-Pt wire anode for 30 A 'hr. at 3»9 A, and then the current was re- 
duced to 1.0 A. The electrolysis was continued at 1.0 A until most of the 
TOC was removed. The potential at 3*9 A was 3»1 volts vs SCE and the potential 
at 1.0 A was 2,3 volts vs SCE. At the end of the electrolysis the solution was 
analyzed for Pt, Alter 71*0 A "hr. of electixjlysis the solution contained 
10,5 ppm of Pt. The results of this run are shown in Table 26, After 71.0 
A ‘hr. of electrolysis, the perchlorate and TOC remaining in the solution was 
only 690 ppm and 50 PPm, respectively (with 150 ppm TOG remaining the perch- 
lorate level was only 280 ppm) . Th.e results also showed that when the current 
was reduced from 3*9 A to 1.0 A the perchlorate formation stopped and started 
to fojmi again only at the very end of electrolysis. 


f ) 



il 


Tests run at 1,0 A: Baring electrolysis the potential was measured periodically. 

The potential remained essentially constant at 2,25 volts. At the end of 
the electrolysis the solution was analyzied for Pt, It contained 15*5 PPm 
after 71 A*hr, of electrolysis. The results of this test nm are shown in 
Table 27. As seen in the table, the formation of perchlorate was insignificant 
'until all the TKET was removed. After 71 A*hr of electrolysis the amount of 
perchlorate and TOC in the solution was 210 ppm and ppm respectively. 

Tests run at ^<-.0 A followed by 0.35 A: In this test run urine was electrolyzed 

initially for A'hr. at A.O A and then the current was reduced to 0.35 A. 

The electrolysis was continued until all the TOC was removed. The anode 
potential at ^l-.O A was 3-1 volts, and anode potential at 0.35 A was 2.1 volts. 

At the end of the electrolysis the solution was analyzed for Pt, and it 
contained 14 ppm of Pt. 

The results of this test run are shown in Table 28. The results show that 
perchlorate formation stopped when the current was reduced from 4.0 A. to 
0.35 A, The solution contained only 200 ppm of perchlorate even after th^ 
complete removal of TOC . 
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TABLE 27 


Galvano static Test Sun in Urine With 10% Rh Pt 10 mil wire 


A*hr 

pH 

Cl" 

ppm 

ClO^ 

ppm 

C 103 

ppm 

Cl^ 

ppm 

TKW 
ppm N 

TOC 

ppm 


0 

6.2 

5790 


- 

- 

9600 

7470 


67,75 

7,9 

1220 

58 

3500 

855 

0 

— 


71,0 

7.9 

625 

210 

3250 

825 

0 

480 



Volume of urine used “ 600 mi. 

2 


Area of wire anode = 13.2 cm 
Current used - 1 A. 
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49.5 

56.0 

57.4 

58.74 

60.37 

61.69 

63,09 

64.49 
70.08 
71.39 

72.49 


TABLE 28 


Galvanostatlc Test Run with 10% Sh-Pt, 10 mil wire, 4A and ,35A 


pH 

Cl“ 

CloT 

4 


ppm 

ppm 

6.2 

5760 

« 

5.9 

- 

140 

3.8 

- 

180 

3.6 


200 

3.5 

- 

200 

5.2 

3700 

180 

5.5 

3440 

180 

5.8 

- 

190 

6.2 

2810 

180 

6.3 

2620 

190 

6.5 

- 

200 

6.7 

- 

200 

7.5 

1220 

200 

7.6 

- 

200 

7.6 

774 

200 



Volume of urine used = 600 ml. 

2 

X ^ ft _ 1 rv g\ ^ 


Area of anode = 13.2 cm 

Urine was electro lyed with 4A for 48 A, and then the current reduced to 0.35 A, 

























Tests run at 7*0 A followed "by 0,35 A: Two test runs were made. In these 

test mns iirine was electrolyzed initially for 49 A -hr, at 7-0 A and then the 
current reduced to 0.35 A until mOt ■ of the TOC was removed. The results of 
the first and the second run are shown in Table 29 and Table 30 respectively. 

The tables show that after 49.0 A' hr. of electrolysis at 7*0 A the amount of 
perchlorate formed was 1200 ppm for Bun ifl and 120 ppm for Run #2. When the 
current was reduced to 0.35 A the perchlorate concentration in Run ^1 was 
reduced to 120 ppm. Several experiments were conducted with the express intent 
of duplicattig the perchlorate reduction phenomena;, however , they were all 
unsuccessful. 

The results of these two tests prove that after the ciirrent was reduced to 
0.35 A successful removal of TOC was achieved with minimal formation of per- 
chlorate . 

For Run #1 the solution contained 19 ppm of Pt after 80-7 A*hr. of electrolysis 
and for Run #2 after 79.5 A*hr. of electrolysis the solution contained 21 ppm 
of Pt. 

Tests using iridium 10 mil wire. - The anode configuration was identical to 

the 10^ Rh-Pt one shown in Figure 9. The surface area of the wire used was 
2 

13.2 cm . The cathode was a 2 mil, 7 cm x 5 c® platinum sheet. 

Tests run at 7,0 A. - The anode potential at the start of the electrolysis 
was 3.0 volts and during the electrolysis the anode potential decreased until 
a steady value of 2.5 volts was reached. During the electrolysis the 
solution turned a blue-green color which was not observed with other electrodes . 
Therefore, the electrolysis was stopped after 3 ^ A-hr, and the solution was 
analyzed for iridium. The solution contained 710 ppm of iridium, indicating a 
high iridium dissolution rate during the electrolysis . Table 31 shows the 
results after 5^ A'hr. of electrolysis at 7*0 A, and it is seen that perch- 
lorate formation was insignificant before the removal of TKH . However , since 
the dissolution of iridium was considerable, the experiment was discontinued. 
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TABLE 30 

Galvanostatic Test Run with 10% Rh-Pt, 10 mil wire, 7A and .35A, Run 2 


• f 

A-hr 

pH 

Cl" 

ppm 

cio; 

ppm 

cio" 

ppm 

CI2 

ppm 

TKN 
ppm H 

^103 
ppm N 

TOC 

ppm 

0 

6.5 

5450 

- 

- 

- 

8300 

- 

8230 

49 

4.4 

3430 

120 

610 

200 

241 

383 

3130 

71.14 

7.5 

1320 

110 

3500 

235 

0 

370 

280 

73.15 

7.6 


110 

- 

- 

0 

- 

180 

79.46 

7.7 

1150 

120 

3600 

- 

0 

360 

80 


Volume of urine used = 600 ml. 

2 

Area of the wire anode = 13.2 cm 

Urine was electrolyzed with 7 A. for 49 A. and then the current reduced to 0.35 A. 
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Tests run at 4.0 A, - In this test run the urine was electrolyzed with iridium 
10 mil wire electrode for 70 A*hr. at 4 A. Initially, the anode potential was 
2.4 volts and during electrolysis the potential decreased and reached a steady 
value of 1.9 volts. The color of the solution after 70 A'hr, of electrolysis 
was dark blue-green, and black deposit was observed at the bottom of the 
vessel. The solution contained 308 ppm of Ir. The comparison of these results 
with an identical test run with 10% Eh-Pt is shown in Table 32. After 70 A'hr. 
of electrolysis with iridium the solution contained only 90 ppm perchlorate 
whereas with the 10% Bh-Pt the solution contained 1000 ppm of perchlorate. 
However, the efficiency for the removal of TOC with iridium was considerably 
lower than that of 10% Bh-Pt. 

2.2 PRECIOUS METAL OXIDE ELECTRODE TESTS 

A second group of potential electrodes uncovered in the electrode studies 
are the oxides of precious metals. The literature suggests that these 
materials offer the advantage of having a lower anodic polarization than the 
metals. This section of the report gives the results of preparation and 
testing of precious metal oxide anode materials for the electrolytic pretreat- 
ment of urine. It is divided into the following sections, 
o Preparation of the electrodes 
o Anodic polarization in synthetic urine 
o Test runs in urine with the promising electrodes 

2.2.1 Preparation of Electrodes 

The anode materials investigated in the present study are shown in Table 33. 
All the electrodes were prepared in the laboratory except DSA. DSA is a 
proprietary electrode made by the Electrode Corporation, Chardon, Ohio. This 
electrode is mainly used as an anode for the electrolytic production of 
chlorine from brine, A 6” x 4" piece of DSA electrode was obtained which 
consisted of titanium expanded metal (50% opening} the surface of which was 
coated with a black active material for chlorine evolution. 
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TABLE 33 

Anode Materials Studied 

1’. DSA 

2. Ruthenium Oxide coated Tantalum 

3. Ruthenium Oxide coated Columbixan 

4. Ruthenixim Oxide coated platinized Ta 

5. Ruthenium Oxide coated 10% Rh-Pt (sheet) 

6. Ruthenium Oxide coated Titanium 

7. Ruthenium Oxide plus Titanium Oxide coated Titanium 

8. Iridium Oxide coated Tantalum 

9. Iridixom Oxide coated Titanium 

10. Rhodixjm Oxide coated Tantalum 

11. Rhodium Oxide coated Titanium 
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Ruthenlijm oxide coated electrodes were prepared with tantalum, columbium, 
titanium, platinized platinum, and 10% Kh-Pt as substrate. Ruthenium oxide 
with titanixmi oxide coated electrode was prepared on titanium. Iridium oxide 
and rhodium oxide coated electrodes were prepared with titaniiim and tantalum 
as substrates. An expanded sheet configuration was used for all the metal 
except 10% Eh-Pt for which a 2 mil sheet was used. 

The method used for coating the substrate with the oxides was similar to that 
used by Kuhn and Mortimer (J, Electrochemical Soc. 120 231-6, 1973). Prior 
to applying the coating the substrate was prepared by cleaning ultrasonically 
for 30 minutes with acetone followed by an appropriate etch. Tantalum was 
etched for 3 minutes in a solution consisting of 7 cc. of HF, 7 cc of HNO^, 

20 cc of lactic acid and 66 cc of water. Columbium was etched for 2 minutes 
in 1.1 mixture of and HF; titanium was etched in 10% oxalic acid at 

100°G for 30 minutes; 10% Eh-Pt was etched for 5 minutes in aqua regia and 
platinized tantalum was left unetched. 

Propanol solutions of ruthenium trichloride, iridium trichloride, and rhodium 
trichloride were used for the respective oxide coating. A propanol solution 
containing ruthenium trichloride and titaniinn tetrachloride was used for the 
mixed oxide coating. The respective oxide coating on the substrate metal was 
obtained by dipping the substrate in the propanol solution containing the 
appropriate metallic chloride and then heating the metal in air at 400*^C. for 
5 minutes This procedure was repeated twelve times, however, after the final 
dipping th_ metal was heated in air at 400°G. for 6 hours. In each case an 
adherent black coating was obtained. 

2.2.2 Anodic Polarization in Synthetic Urine 

The anodic polarization of the electrodes shown in Table 33 were determined in 
synthetic urine. The object of anodic polarization studies was to determine 
which electrode materials give high chlorine evolution current at potentials 
where perchlorate (CIO^) formation is minimum. The experimental setup and 
procedure for polarization were the same as used previously. 
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Figures B35-B45 show the anodic polarization ctirves o£ the electrodes studied. 
Table 34 shows the anodic current obtained for the electrodes at potentials 
of chlorine evolution. Table 34 also shows the anodic current obtained for 
platinum and 10% Eh -Ft. Since perchlorate formation is low at potential below 
2 volt, the electrode which gives high current below 2.0 volts can be con- 
sidered a suitable candidate for the low voltage electrolysis of urine. As 
seen in the table, most of the electrodes gave high current at potentials of 
chlorine evolution. These currents are much higher than that obtained for 
10% Eh-Pt and Pt. 


The results of anodic polarization of the electrodes in synthetic urine show 
that BSA, Iht02 on titanium, ruthenium oxide on 10% Sh-Pt, ruthenium oxide 
on platinized Pt, SuO^ -f- Ti02 on titanium, iridium oxide on tantaltim and 
iridium oxide on titanium are suitable candidate anode materials to be tested 
for the electrolysis of urine. 

2.2.3 Tests Euns With Promising Electrodes 

The test runs were performed in a beaker and a galvanostatic procedure (con- 
stant current) was used for the electrolysis. For each run 600 ml of urine 
was used, and a very small amount of "Bow Coming Antifoam A Spray" was sprayed 
over the urine to reduce foaming. The solution was mixed vigorously with a 
magnetic stirrer during electrolysis and the temperature of the solution was 
kept below 45°C by placing the beaker in a water bath. The cathode used was 
a 2 mil 7 cm x 5 cm platinum sheet. During electrolysis, at intervals, the 
solution was analyzed for pH, GIO^, GlO^, Cl , TKN, NO 2 , and TOG. 


Test run with the BSA electrode: The first test was run at below 2 volts. 

The anode dimensions were 7 cm x 5 cm with both surfaces of the electrode 
being exposed to the solution. The electrolysis was performed at 7 amps for 
84 A*hrs. The anode potential was measured periodically, and at the beginning 
of the test run the potential was 1.8 volts. During electrolysis the potential 
decreased slightly and remained essentially constant once it reached 1.6 volts. 
The results of this test run are shown in Table 35, As seen in the table, though 
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perchlorate formation was very low, a high amount of TOC remained (2950 ppm) even 
after 84 A* hr of electrolysis. When 10^ Rh-Pt was used for the electrolysis 
of urine, a TOC level below 100 ppm was obtained after approximately 80 A 'hr 
of electrolysis. The above result indicates that DSA electrode was inefficient 
for the removal of TOC . 

When 10^ Rh-Pt was used for the electrolysis of urine, the anode potential 
was always above 2.0 volts. During the electrolysis of urine with the DSA 
electrode, the anode potential was 1.6 volts. To test whether the inefficient 
removal of TOC with DSA is due to low anode voltage, a test run was made with 
5 cm X 2 cm DSA anode at 'Jk. The anode potential was 2.4 volts at the 
beginning of electrolysis. During electrolysis the potential of the anode 
first decreased to 2.2 volts and then it started to increase and reached a value 
of 2.5 volts. During electrolysis the solution became cloudy wiuh a white pre- 
cipitate which was not observed in any of the earlier test runs. After 28 A*hr 
the electrolysis was stopped, and the anode was examined. The DSA electrode was 
degraded considerably, and a white deposit was observed at the bottom of the 
vessel- This white deposit was probably titanium hydroxide formed by the dis- 
integration of the substrate . Since the DSA anode disintegrated, the test run 
was discontinued. 

Tests run with 10^^ Rh-Pt then DSA: The purpose of this run was to test whether 
the TOC remaining in the solution after the removal of most of TKN with 10^ 

Rh-Pt at potential above 2 volts can be removed with DSA at low voltage. 

In this test run 600 ml of urine was electrolyzed with 10^ Rh-Pt 10 mil v;ire 
grid (13*2 cm ) at 7 A. for 49 A*hr- Then the 10^ Rh-Pt was replaced by the 
7 cm X 5 cm DSA electiode and the electrolysis continued to 105 A*hr. The 
anode potential with 10^ Rh-Pt was 3*5 volts at the beginning of the electrolysis 
and during electrolysis the potential decreased and remained essentiall;;' con- 
stant at 3 "2 volts. With the DSA electrode, the anode potential was 1.6 volts. 
The results of this test run are shown in Table 3^. After electrolysis for 
49 A ’hr with the 10^ Rh-Pt anode, the TOC concentration was reduced to 2440 ppm. 
Further electrolysis with the DSA electrode even after 105 A -hr, only reduced 
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TABLE 36 

Galvanostatic Test Run in Urine, with 10% Rh-Pt, then DSA* 


A 'hr 

pH 

Cl 

ppm 

CIO, 

4 

ppm 

CIO 3 

ppm 

^^2 

ppm 

TKN 
ppm N 

NO 3 
ppm N 

TOC 

ppm 

0 

6.2 

6370 

- 

- 

- 

9190 

- 

7880 

^9 

4.5 

4100 

160 

750 

112 

309 

225 

2440 

63 

7.5 

3190 

160 

1100 

125 

28 

I'^O 

1790 

77 

7.5 

1420 

160 

1800 

1370 

0 

i 

200 

1670 

84 

7.5 

1060 

160 

2500 

650 

0 

180 

1470 

91 

7.5 

294 

1 

160 

4800 

370 

0 

180 

1400 

105 

7.5 

70 

160 

5000 

132 


175 

1390 


Volume of urine = 600 ml. 

Current used = 7 A, 

2 

AUrine was electrolysed first with 10% Rh~Pt wire grid (13.2 cm ) at 7 A. for A9 A*hr and 
further electrolysis at 7 A. was performed with DBA electrode. 

Anode potential with 10% Rh~Pt wire grid = 3.2 volts vs. SCE 

Anode potential with DSA electrode = 1.6 volts vs. SCE 






the TOC concentration to 1390 PP®. No perchlorate vas formed during electrolysis 
with DSA. The above results show that the DSA electrode is inefficient for 
the removal of TOC even after the TKN has been removed by 10^ Rh-Pt. 

The results of test runs with DSA show that though perchlorate formation is 
very low with DSA, the electrode is inefficient for the removal of TOC. 

Tests run with ruthenium oxide coated platinized tantalum: The anode 

dimensions were 5 cm x 4 cm with both siarfaces of the electrode being exposed 
to the solution. The electrolysis was done at 7 A ^3 A -hr. Initially 
the electrode potential was 1.6 volts and remained essentially constant for 
^ hours, and then it increased slowly with time and reached a value of 2-7 volts 
at the end of electrolysis. After 63 A*hr of electrolysis most of the RuOg 
coating was gone from the anode leaving behind a bare platinized tantalum sur- 
face. This indicates that the coating on platinized tantalum was un- 

stable during the electrolysis of urine. The results of the test mm are 
shown in Table 37* As seen in the table, the perchlorate formation was very 
low when the potential of the anode was belor-: 2 volts. The anode potential 
increase with time can be attributed to the removal of RuOg from the anode. 

Tests run with ruthenium oxide coated 10^ Rh-Pt: The anode was 7 cm x 5 cm 

ruthenium oxide coated 2 mil 10^ Rh-Pt sheet with one surface of the sheet 

2 

nasked with Teflon adhesive tape. The exposed area of the anode was 35 cm. 

The current used for the electrolysis was 7 A* The anode potential was 1.6 volts 
at the beginning of the electrolysis, however, the anode potential increased 
gradually with time and reached a value of 2,6 volts after ^9 A*hr of electrolysis 
Examination of anode after A*hr of electrolysis showed that most of the RuD^ 
coating had been removed from the anode surface. This indicates that RuOg 
coating was unstable during the electrolysis of urine. The potential increase 
with time during electrolysis can be attributed to the removal of RuO^ coating 
from the anode. Since the anode contained veiy little coating after 49 A* hr, 

the electrolysis was discontinued. 
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A* hr 

Anode 
Potential 
vs. SGE 
volt 

0 

0 

7 

1.6 

14 

1.6 

28 

1.6 

49 

1.9 

56 

2,5 

63 

2.7 


TABLE 37 

Galvano static Test Run in Urine With 
Ru 02 Coated Platinized Tantalum 


TKN 
ppm N 


NO^ 

ppm^N 



Volume of urine used = 600 ml 
Electrode size =5 cm x 4 cm 
Current used = 7 A. 









I 



Tests rim with ruthenium oxide and mixed ruthenium oxide and titanium oxide; 

Two test runs were performed: one with ruthenium oxide and titanium oxide 

coated titanium. The anode dimensions were 7 cm x 5 cm with both surfaces 
of the electrode being exposed to the solution. The current used for the 
electrolysis was T A. At the beginning of the electrolysis the anode potentials 
were I .7 ani 1*9 volts for ruthenium oxide and for the mixed oxide respectively. 
However, the anode potential increased with time and reached a value above 
2.5 volts after 28 A*hr of electrolysis for ruthenium oxide and after ^8 A*hr 
of electrolysis for the mixed oxide. During this time the solution became 
cloudy with a white precipitate. This white precipitate was probably titanium 
hydroxide formed by the dissolution of the titanium substrate. The potential 
increase with time can be attributed to the removal of RuOg from the anode . 

Since there was considerable degradation of the anode, the test runs with ruthenium 
oxide and mixed oxides were discontinued after 28 A* hr and ^8 A ‘hr respectively. 

The results of test runs with RUO 2 coated electrodes showed that RuO^ coating 
prepared in the manner described is unstable during electrolysis of urine. 

Tests run with iridium oxide coated tantalum: The anode dimensions were 7 cm x 

5 cm with both surfaces of the electrode being exposed to the solution. The 
electrolysis was done at 7 A for 84- A*hr. The color of the solution after 
84- A* hr of electrolysis was blue green, and a black deposit was observed at 
the bottom of the vessel. The solution contained 400 ppm of iridium. This 
indicates that the dissolution of iridium oxide coating was very high during 
electrolysis. The results of the test run are shoxra in Table 38 * As seen in 
the table, though perchlorate formation was very low, a h:gh amount of TDC 
remained (1370 ppm) even after 84- A*hr of electrolysis. 

Tests run with rhodium oxide coated titanium: The anode dimensions were 7 cm x 

5 cm with both surfaces of the electrode being exposed to the solution. The 
current used for the electrolysis was 7 A. At the beginning of the electrolysis 
the anode potential was 2.1 volts. However the anode potential Increased with 
time and reached a value of above 2.5 volts after 28 A*hr of electrolysis. 

During this time the solution became cloudy with a white precipitate. This 
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I white precipitate was probably titanitim hydroxide formed by the dissolution 

of the titanium substrate. The potential Increase with time can be attributed 
to the removal of rhodiran oxide from the anode. Since there was considerable 
degradation of the anode, the test runs with rhodium oxide coated electrodes 
were discontinued. 
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2.3 OTHER ELECTRODE STUDIES 

Lockheed has gained experience with dxboride electrodes in the area of sea 
water electrolysis. The possible use of this type of electrode for the 
electrolytic treatment of urine was investigated at the Lockheed Palo Alto 
research laboratory. This work carried out on a TaB2 electrode at Lockheed 
showed that oxygen is evolved in preference to chlorine when the electrode 
is heavily polarized. The occurrence of this is unusual. It was hoped that 
this occurrence of an oxygen electrode might act in favor of complete oxi- 
dation of organic compounds. Unfortunately further work in this program 
demonstrated that a chlorine forming electrode is fundamental to the 
process. 

Initially a literature review was carried out to gather background data 
for this effort. The literature search uncovered several patents for anode 
materials and articles from a search of the Soviet journal of electrochemistryj 
Elektrokhimia, which were not previously obtained, A number of new can- 
didate anode materials were considered as a result of this review. 

2,3,1 Mat er ia 1 Selection 

The initial list of materials to be evaluated in this test phase is given 
in Table 39. As discussed, the list was based on former diboride work a-nri 
new literature citations. However, as the program proceeded, several new 
candidates were uncovered. 

Three phosphides were added to the list because of recently published 

reports that these materials have catalytic activity as hydrogen fuel cell 
(4) 

anodes . Further, research was being carried out, at the time of selection, 
by H. J, Barger at the Fort Belvoir Research and Development Center. 

Technical personnel of Stackpole Carbon Co., St, Marys, Penn., recommended 
three artificial graphites of use industrially in brine electrolysis. Nos. 24, 
25, and 26 in the attached list. One of the graphites is oil impregnated 
to improve resistance to attack, 

Chem Abatracts 80, 90274W. ORIGINAL 
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Mr. T. R_. Heflin, The Duriron Go,, Inc,, Dayton, Ohio, recommended two iron 
alloys of chromium, molybdenum, and nickel which have been developed as 
impressed current anodes for cathodic protection in sea water, Hos, 22 
and 23. 

The glassy carbon. Ho. 28, was selected as it might be more resistant than 
pyrolytic graphite. 

A number of workers have reported excellent corrosion resistance of cobalt- 
chromium based alloys (e.g,, Vitallium) in surgical implants, i,e., in 
saline solutionf^^ . Accordingly a specimen of Vitallium was procured 

from Howmedica, Inc., Rutherford, N.J., for test. 


/ 


( 


I 

I 

f. 
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■f 
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J. Pugh, W. L. Jaffa, F. Rummer and K. Sinabaldi, Ext. Abst., Electro 
chem. Soc. 75-1, 839 (1975). 

R, C. Lewis, V. S. Agarwala, and H, D. Greene, ibid, 75-1, 837(1975). 
T. M. Devine and J. Wulff, ibid, 75-1, 8A1 (1975). 
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1. TaB^ (arac) 

Yes 

Not Known 

(No)* 

Yes 

2. HbB- 

Ho 

Yes 

Slow Passiva- 

Yes 

2 



tion 


3. UB^ 

No 

Yes 

Yes 

No 

4, ThB^ 

No 

Yes 

Yes 

No 

5. ThEg 

No 

Yes 

Yes 

No 

6, ZrB^ 

Yes 

Not Known 

Passivates 

No 

7. ZrB^2 

No 

Not Known 

(No) 

Yes 

8. YBg 

No 

Yes 

Yes 

No 

9. LaBg 

No 

Yes 

(No) 

Yes 

10. TaSi2 

No 

Yes 

(No) 

Yes 

11. ZrSi^ 

No 

Yes 

Yes 

No 

12, MoSi^ 

No 

Not Known 

(No) 

Yes 

13. BH 

(Non- 

Conductor) 



No 

14. TiH 

No 

Yes 

Slow Passiva- 
tion 

Yes 

15. Cr^N 

Not Known 

Not Known 

Yes 

No 

16. Si«N. 

(Non- 



No 

J H- 

Conductor) 




17, B 

(Non- 

Conductor) 



No 

18. WP 

No 

Yes 

(No) 

Yes 

19. CrP 

Yes 

Not Known 

Yes 

No 

20. Tip 

No 

Yes 

Yes 

No 

21, Si 

Not Known 

Not Known 

Not Known 

Yes 

22. DurichlorSl 

Yes 

Not Known 

(No) 

Yes 

23. Chloromet3 

Yes 

Not Known 

(No) 

Yea 

24. Graphite 6077 

Yes 

Not Known 

(No) 

Yes 


*A (NO) answer here indicates "ONLY HO VISIBLE CORROSION" . 
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TABLE 39 (continued) 


Electrode 

Chlorine 

Oxygen 

Corrosion 

Further Study 

25. Graphite 6077 

Yes 

Not Known 

(No) 

Yes 

26. Graphite 6008 

Yes 

Not Known 

(No) 

Yes 

27. Battery Carbon 

Yes 

Not Known 

Yes 

No 

28. Glassy Carbon 

Yes 

Not Known 

(No) 

Yea 

29. TaB^ 25% Wi 

Yes 

Not Known 

No 

Yes 

30. TaB^ 55% Hi 

No 

Yes 

Yes 

No 

31. TaB^ 25% Hi-H 

No 

Yes 

Yes 

No 

32. TaB^ 55% Ni-H 

No 

Yes 

Yes 

No 

33. MnO^/Ti 

Not Known 

Not Known 

Yes 

No 

34. 5t 

Yes 

Not Known 

(No) 

Yes 

35. 10% Eh/Pt 

Yes 

Not Known 

(No) 

Yes 

36. Hi 

Yes 

Not Known 

Yes 

No 

37. Hastelloy CX 

Not Known 

Not Known 

Yes 

No 

38. Vitallixin 

Not Known 

Not Known 

Severe 

No 
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2.3,2 Test Setup 

A cell, which is shown in Figure 10, was prepared for testing the efficiency 
of oxidation under conditions approaching those expected in a complete system. 
The cell consisted of a 400 cc beaker with a 5x5 platinum counter electrode. 

The cell contains a luggin capillary attached to a saturated calomel reference 
electrode (SCE) and has separate flows past the compartments housing the 
anode and cathode. The Luggin capillary was placed 1 mm from the edge of 
the working electrode. Glass filter paper separates the two compartments. 

The apparatus and cell were assembled together with associated instrumentation: 
a galvanostat, recorder, two digital readouts for potential and current, 
and a programmable potential sweep device for cyclic voltammetry. The 
apparatus and instruments were tested and found to perform well, according 
to anticipated standards, 

A technique for mounting the electrode materials to be tested was then 
developed, using Teflon pipe thread sealant material to seal the electrode 
in place. With this technique no sealants contact the electrolyte, pre- 
venting contamination, and only pure Teflon surrounds the electrode. 

Mechanical contact of the electrode is made with a platinum wire for 
external electrical connection. 

Potential sweeps were then made, using a 10% Rh/Pt alloy, while observing 
the current. A PAR Model 175 Universal Program and a PAR Model 173 
potentiostat/galvanostat were used for control. The test was run in a 
0.16N Had solution. The results using this known electrode showed that 
this approach and the test equipment were well suited for a rapid preliminary 
screening of a number of candidate electrode materials. The onset of chlorine 
evaluation was easily detected. These ’’cyclic voltammograms" were run at 
50 mV/ sec and were used in conjunction with the polarization curves and 
analyses of reaction products in these screening tests. 



ir 

): 


X'- 

:y- 





I 

I 



The analytical techniques previously developed at the Lockheed Aircraft 
Service Company (LAS) were used. Specific ion electrodes were used for Cl , 
CIO^, and HH^. Spectrophotometric determinations were made for Cl^Caq), 
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CIO j HCIO , and CIO^ using the 0-To liver method. The product gases 
were collected and the oxygen determined by difference after removing 
the chlorine with a thiosulfate solution. 

2.3.3 Test Program 

Several test series were carried out in the search for an improved electrode 
over the 105E. Eh/Pt wire electrode. In each series the tests were increas- 
ingly comprehensive. However, the list of candidates was reduced. The 
main test phases were: 

o Preliminary Screening Tests 
o Galvanostatic tests in synthetic urine 

Preliminary screening tests: Thirty-seven candidate materials were given 

a preliminary screening test. As a result of these tests the list of 
materials was significantly reduced for further tests. Rational for 
elimination were obvious visual corrosion, passivation, or poor conductivity. 
The data taken during these tests are presented in Table 39. 

At least three cyclic voltammetric sweeps were made with each material 
from “1.5 volts (cathodic) to + 2.1 volts (anodic) and back to -1,5 volts 

versus the saturated calomel reference electrode (0.242 V vs S.H.E.) at 

-X 

10 mV sec. in 0,16 N NaCl, the approximate concentration in urine. The 
cyclic voltammograras were examined for evidence of oxygen and chlorine evolu- 
tion and for onset of corrosion. The electrode surface was watched during 
cycling for visible evidence of gas evolution and corrosion and examined after 
the tests for pitting and deer epetat ion. The electrolyte was also test d 
for presence of chlorine down to 0.05 ppm with 0-Toliver chlorine reagent 
after each electrode cycling with fresh electrolyte. 

At this point, no definite guide existed for selecting anode materials capable 
of both catalytic activity and corrosion resistance. Thus, selections were 
made on the basis of thermodynamic stability of the tested borides, nitrides, 
and silicides, as indicated by their heats of formation, and by their known 
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corrosion resistance at high temperature in air. The tested phosphides 

were selected because of their kno^-m catalytic activity "^and it appears 

that WP is showing promise. Graphite and the tested alloys Chloromet 51 

and Durichlor 3 have been used in the chlorine industry and for cathodic 

(9) 

protectxon in sea water 


The following are brief observations of the results of those preliminary 
screening tests. 

o The materials glassy carbon, platintnn, and 10% Rh/Pt exhibited 
a cyclic voltarametric peak near 0.815 V (vs S.H.E.), the oxygen 
evolution potential (at pH 7) , and the onset of a second peak 
near 1.36 V (vs S.H.E.), the chlorine evolution potential. This 
suggests a similarity in behavior with respect to Og ^t^d CI 2 
evolution for these three materials. It may be anticipated 
that glassy carbon will behave somewhat similarly to 10% Rh/Pt 
in potential regions of simultaneous 0^ and Cl^ evolution with 
formation also of chlorates and perchlorates. 

o The apparent lack of any 0„ evoluation, according to cyclic 
voltammograms and visual observations, with exclusive Cl^ 
evolution suggests that chlorates and perchlorates may not 
be formed in urine electrolysis with the promising materials 
Durichlor 51, Chloromet 3, the Stackpole graphites, the Lockheed 
TaB- 25% Hi, and Cerac TaB„. The lack of 0^ production may 
prevent this undesirable characteristics of chlorate and perch- 
lorate formation as with the platinum electrodes. 

o No chlorine evolution but exclusive oxygen evolution was apparent- 
ly found with the promising materials; Lockheed's TaB 2 55% Ni, NbB 
ZrBi„, LaBg, TaSi-, MoSi^, TiN, and WP, Again, this difference 
is indicative of a different kind of catalytic activity which may 
prove useful in urine electrolysis. The possible use of these 
materials as oxygen electrode catalysts is also interesting, 

o Throughout the testing, it was often found, with rejected 

materials, that strong oxygen evolvers also corroded strongly. 

For these cases, it is suspected that chlorine is not evolved 
but involved chemically with the substrate material, causing its 
corrosion. This may provide a clue as to the mechanism for 
exclusive 0^ evolution. 

Chem Abst, SO,, 8027w, 

Chemical Engineer’s Handbook, J. H. Perry Ed., 3rd Ed., 1950. 
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The conversion of the TaEg"^ alloys from Og evolvers to Clg evolvers was 
surprising. The results suggest modification of the formulation to 
eliminate free nickel. This was done by using a slight excess of boron auid 
holding the curing temperatures for a longer period of time to assure 
a ] , ] nickel is present as the boride. Of these modified borides all but 
the 5^^ N1 one showed significant corrosion. This urine was added to the 
list for additional testing. 

Galvanostatic tests in synthetic urine; The next series of screening 
tests were carried out in 0.l6 H NaCl and in artificial urine (0.l6 M TTaCl, 

0.12 M urea) . A severe test of 200 mA cm (anodic) in 0.l6 F JTaCl was 
conducted, and which showed that the materials 

WP, CrP, Till, Chloromet 3> Durichlor 1, glassy carbon, Stackpole Graphite 
LxB, and TaSig are unsuitable due to onset of corrosion; MoSig, and ITbBg, 
are unsuitable due to strong passivation. The results are summarised in 
Tables ^4-0 and lj-1. 

Two graphites normally used in the chlor-alkali industry withstood the 
tests, yielding slightly more Og than Pt-10J& Rh (Table ^C) while yielding 
chlorine as the principal product in 0.l6 F NaCl. These two graphites 
are Stackpole 's Nos, 607T ^^.d 6008. 

With synthetic urine the graphites and Ft -10^ Rh yielded about 85 percent 

-2 

coulombic efficiencies with respect to urea oxidation at 200 mA cm 
Table ^2. Polarization characteristics are summarized in Figures lf6’B and 
The graphites appear more favorable at lower current densities, less 
than 100 mA cm , while Pt-10^ Rh is more favorable at higher ciorrent 
densities from the standpoint of power requirements. The two graphite 
electrodes were selected for tests in real urine, 

lagal agreements were concluded with the Electrode Corp to procure a proprietary 
■xygen forming electrode for test evaluations. This agreement prohibits 
disclosing the composition of this electrode but does permit disclosure of 
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TABLE 40 Tests of Anode Materials for Compatibility 


In 0.16N NaCl; 22.5°C, 200 mA cm ^ for 1 hour 

2 

T3^icai Parameters: 0.5 cm area electrode in 400 cc electrolyte 


Anode 

Material 


Corrosion 


Passivation Chlorine 


Oxygen* Weight 
Change 


1. 

TaB^ (Cerac) 

+ 

- 

4 " 

14,4 

4 - 

2. 

TaB^ (LMSC 33A1) 

-i- 

- 

4- 

10.4 

4 - 

3. 

TaB^ (LMSC 30A) 

+ 

- 

4 - 

11.2 

0 

4. 

TaB^ (LMSC 33D2) 

+ 

- 

4 - 

5.3 

+ 

5. 

LaB^ 

+ 

- 

- 

N.A. 

w. 

6. 

ZrB^ 

+ 

- 

- 

1.5 

- 

7, 

ZrB^2 

+ 

- 

- 

5.2 

4 - 

8. 

m 

+ 

- 

- 

1.6 

4 - 

9, 

CrP 

+ 

- 

- 

0 

4 - 

10. 

TiN 

4 - 

- 

- 

5.1 

4 - 

11. 

Chloromet 3 

+ 

- 

- 

0 

- 

12. 

Durichlor 1 

+ 

- 

4 " 

25.7 

4 - 

13. 

Glassy Carbon 

4 * 

- 

- 

4.1 

- 

14. 

MoSi^ 

(-) 

4 - 

4 - 

0.5 

4 - 

15. 

NbB^ 

C-) 

(-) 

- 

1.5 

4 - 

16. 

TaSi2 

C-) 

(-) 

- 

1.6 

4 - 

17. 

Graphite LxB 

4 - 

- 

4 - 

17.0 

4 - 

18. 

Graphite 6077 

- 

- 

4 - 

27.6 

0 

19. 

Graphite 6008 

- 

- 

4 - 

40.8 

0 

20. 

Pt 10% Rh 

- 

- 

4 - 

18.0 

0 

21. 

Oxygen Electrode (Elec- 

- 

- 

.L 

85.0 

0 


trode Corporation) 

*6iven as percent current efficiency assuming 100 percent conversion to oxygen 
**Wo data. 
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TABLE 41 Compatibility to Synthetic Urine (0.16 F NaCl, 0,33 F Urea) 


hO 

I 

00 

Ul 


§ s 

l| 


Anode 

Material 

Corrosion 

Passivation 

Chlorine 

Nitrogen* 

Weight 

Change 

TaSi^ 


+ 

- 

7,2 

+ 

Graphite 6077 

-- 

- 

+ 

107.6 


Graphite 6008 

- 

- 

+ 

110.5 


Pt - 10% Rh 



+ 

105.0 



*Given as percent current efficiency assuming 100 percent conversion of urea to nitrogen. 
2 

22.5^C, 200 mA/cm for 1 hour 
2 

0.5 cm electrode area in 400 cc electrolyte 


Table 1^2 Anode Gas Analyses !From Runs in Table 40 


Anode 

Material 

Oxygen 

Carbon 

MonoJclde 

Carbon* 

Dioxide 

Hitrogen 

Graphite 6077 

10.9 

0.10^ 

7-1 it 

82.0 

Graphite 6008 

10.0 

0.10 

6.2 

83.7 

Pt-^lOgt Rh 

4.7 

o.o6 

6.4 

88.8 

< Oxygen Electrode 

5'k7. 

0.03 

2. .8 

42.4 


^Remainder of CO^ from urea oxidation is dissolved In 400 cc electrolyte. 


test data on its performance. Tests of this electrode show total resistance 
to corrosion and a very high oxygen evolution. The polorization curve for 
this electrode is presented in Figure This electrode was adso chosen 

for tests in real urine. 

Tests in real urine: Tests were carried out on the Stackpole graphite and on 

Electrade's oxygen forming electrode. Beaker tests were set up using larger 
sized graphite electrodes. Shortly after the tests in real urine were 
started, severe corrosion was noted in "both the non impregnated and impregnated 
graphite samples. Thus, the tests were aborted without gathering of data. 

The oxygen forming electrode was evaluated in the test setup for single cell 
tests (See Section 3). A piece of electrode, which is in the form 
of an expanded mesh, 'J.6 cm x 13.2 cm vras electric resistance welded to a 
tantalum frame. This electrode had a total siorface area of 100,6 sq. cm. 

G?he electrode was installed in place of the wire electrode- The test was 
started at a current of 18 amps for the first 25 minutes. Then the potential 
was reduced for the duration of the test. The test was stopped after 
passing 97*^2 amp. hours. 

Table shows the results of this i*un. The data shows that, even though 
a large nianber of amp hours were expended, there was little reduction in 
ither TOC or TKH. Thus, it can be concluded that the oxygen electrode 
is not satisfactory. Testing of new electrodes was stopped at this time. 
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TABLE 43 


OXYGEN ELECTRODE SYSTEM TEST DATA 


Time 

CIO, 

TKN 

TOC 

pH 



46r" 


0753 

6.8 

4690 

4600 

6.4 

0840 

6.0 

- 


5,5 

0930 

7,4 




1030 

8.2 



5.5 

1145 

10,0 








5.6 

1245 

11.0 



5.7 

1345 

11.0 


4160 

5./ 

1445 

12. 



5.9 

1454 

13. 

4186 


6,1 


Amp -hr 
0 

10.1 

20.1 

30.8 
46.3 

55.8 
68.5 
84.57 
97.42 
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2.4 ELECTEODE TESTS - RESULTS SWIMARY 

In review, a wide niimber of electrode tests were carried out. The results 
of these tests are grouped in this section to provide an overview of the 
program status at this point. 


2.4.1 Precious Metal Tests 

The following inferences can be made from the tests carried out on previous 
metals. 


o Intimate mixing is necessary for the efficient removal of 
TKN and TOC from real urine to avoid excessive perchlorate 
formation. 

o For a given potential, the current density for a 107e Rh-Pt 
10 mil wire electrode was about three times greater than with 
a I07u Rh-Pt sheet electrode. 

o The perchlorate formation can be essentially avoided by 
electrolysis of urine at an anode potential near 2.0 volts. 

o Electrolysis of urine at high current until all TKN is removed 
followed by further electrolysis at low current (electrode 
potential near 2.0 volts) effectively removes TOC with a 
minimum of perchlorate. 

o Platinum black/Tef Ion plaque was not as efficient as 107, 

Rh-Pt for the removal of TOC and TKN from real urine, 

o Iridium had a high dissolution rate in urine during 
electrolysis, 

o The potentiostatic experiment setup used in this investigation 
was not efficient for the removal of TKN and TOC from real 
urine . 

o Galvanostatic tests showed that with adequate mixing only a 
small amount of perchlorate was formed before the removal of 
TKN. 

o 107. Eh-Pt X7as identified as the candidate anode material for 
the electrolysis of urine. 

2,4.2 Precious Metal Oxide Electrode Tests 

The following inferences can be made from the test runs with DSA and oxide 
coated electrodes. 

o Ruthenium oxide, iridium oxide and rhodium oxide coatings 
prepared in the present investigation were unstable during 
electrolysis of urine. 
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o The electrolysis of urine at low anode potential was 
inefficient for the removal of TOC as evidenced by the 
test runs with DSA and iridium oxide cated electrode. 


2.4,3 Other Electrode Tests 

As a result of the studies of a variety of non precious metal electrodes 
the following conclusions can be made: 

o The borides, silicides, phosphides, and carbon studies were 
not stable under process conditions. 

o An oxygen forming electrode from the Electrode Corp . was 
stable. However, it did not satisfactorily reduce either 
TOC or TKN. 

o A chlorine forming electrode is fundamental to the reduction 
of TOC and TKK. 


2.4.4 General Conclusions 

The following conclusions are obtained from the screening tests. 

o 10% Rh-Pt was the best anode candidate material for the 
electrolytic pretreatment of urine based on TKII and TOC 
removal efficiency and corrosion characteristics. 

o The perchlorate formation was low during electrolysis of urine 
at anode potentials of 2.0 volts or less. 

o At high current (high potential) electrolysis with adequate 
mixing the perchlorate formation was insignificant until all 
TKN was removed. 

o With adequate mixing perchlorate formation can be minimized by 
performing the urine electrolysis at high current until all the 
TKN is removed followed by low current electrolysis until TOC 
reaches acceptable levels. 

o During electrolysis of urine the pH of the solution decreased 
until a minimum was reached after which the pH increased until 
it reached a final value between 7-8. This minimum in pH 
closely corresponds to the complete removal of TKN. Hence pH 
change can be used as an indicator to change the electrolysis 
from a high current to a low current operation to suppress 
perchlorate formation. 

o Fine wires have higher current density capacity than sheet 
electrodes at a given potential. 

o Pure platinum was the best cathode material. Performance of 
the platinum cathode may be improved by electrodeposition 
of an adherent platinum black layer on the platinum substrate. 
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o The precious metal oxide electrodes investigated in 
the present study cannot be used as an anode material 
for the electrolysis of urine. 

o The electrolysis of urine at anode potential below 2.0 
volts is inefficient for the removal of TOC. 
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Section 3 
SINGLE CELL TESTS 


Upon completion of the task to select a chlorine forming electrode, a 
single cell circulating urine test system was set up to carry out process 
system evaluations. The electrode selected for these tests was a wire 
electrode using 107=, Rh-Pt as a material. As discussed previously, this 
electrode was the optimum chlorine forming electrode evaluated from point 
of view of corrosion resistance, current density, and current efficiency. 

The test system and test cell were an adaptation of the LMSC circulating 
electrolyte water electrolysis test system and cell. 

Tests on the single cell were carried out using batches of real urine. In 
the tests several system parameters were evaluated which include; current 
density, system volume, recirculating flow rate, reaction catalysts, cell 
temperature, pH, membrane for separation of electrodes, and flow path. In 
the following parts of this section, the details of the cell test system and 
results are discussed. 

3.1 TEST SYSTEM 

3.1.1 Cell Design and Construction 

The major pieces of the cell were obtained from a program for the develop- 
ment of an electrochemical oxygen generation system. The cell was assembled 
in an initial configuration which was thought to be workable. This con- 
figuration is described in this section. During the course of the test program, 
analysis of data taken resulted in changes in details of configuration. These 
changes are described in a following section which deals with the system tests. 
The electrolytic cell was designed to provide pretreatment to reduce the TOC 
content of raw urine at recirculation flow rates of up to 940 cc per minute. 

The maximum electrical current to be applied was 18 amperes. Gross cell area 
(i.e,, cathode surface) was to be approximately 90 sq. cm. 
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Figure 11 presents a picture of the test cell. A cross section of the cell 
is shown in Figure 12. An exploded picture, showing all the parts of the 
experimental cell is shown in Figure 13. 

In the initial test configuration the anode portion was separated from the 
cathode portion by means of a semi-permeable membrane. The membrane was 
removed in later tests. Figure 12 is a cross section view of the cell. Half 
of the electrolyte (raw urine) flows into the bottom of the cell, is directed 
to flow between the anode and the membrane, then through the (wire grid) anode 
and out the top of the cell. The other half of the electrolyte enters the 
bottom of the cell between the other side of the membrane and the cathode, and 
then flows out at the top of the cell. A sheet of asbestos paper on the face 
of the porous cathode acts as a phase separator and prevents the electrolyte 
from flowing through the cathode, provided that there is sufficient gas 
pressure on the backside of the cathode. 

At high levels of electrical current, enough hydrogen gas is evolved on the 
backside of the cathode to prevent the liquid from flowing through the cathode. 
However, at zero or low levels of electrical current, an external source of 
nitrogen gas was provided to obtain a sufficient back pressure to prevent flood- 
ing of the cathode gas chamber. 

In order to withstand the corrosive nature of the electrolyte and gases as well 
as to avoid reactions with the electrolyte, materials were selected for their 
corrosion resistance and chemical inertness. The cell itself is constructed 
of two Plexiglas (methyl methacrylate) end plates which serve as the Interfaces 
between the external electrolyte tubing connectors and the internal electrolyte 
passages. Between these two end plates and a stack of four cast epoxy spacers. 
These spacers have internal electrolyte and gas passages which are sealed with 
0-rings between spacers, between and plates and spacers, and between spacers 
and electrodes. The 0-ring material is ethylene propylene. 

The anode consists of a 0,010 inch thick platinum frame with formed sections 
to enable mounting four layers of 0.010 inch diameter wire (107c. rhodium, 907o 
platinum, thermocouple grade) , All of these anode components are joined by 
electrical resistance welding. 
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The anode is situated between the first and second spacers. Between the 
second and third spacers is a NAPION semi -permeable membrane. The membrane 
itself is only 0.005 inch thick^ but for strength it is bonded to Teflon 
clothj resulting in a total thickness of 0.0l4 inch. This membrane is clamped 
between spacers §2 and ^3 with an 0.066 inch thick ethylene propylene gasket 
on one side and an O.03O inch thick silicone rubber gasket on the other. 

The third spacer is fitted with three bars and a screen made of type 301 
stainless steel. Between this screen and the cathode, a sheet of Acco asbestos 
paper is placed to act as a gas/liquid phase separator. 

The cathode is mounted between spacers 3 and 4 as shown in Figure . It 
consists of black platinum powder in a Teflon binder matrix bonded to two 
layers of nickel screen, with tubular rubber spacers to support its rear 
surface against an end plate. The nickel screen is mounted on a frame made 
of nickel sheet. 

The entire cell structure of two end plates, four spacers and two electrodes 
is held in alignment (with the 0-rings compressed) by eight (8) stainless steel 
studs having a washer and a nut at each end. However, these studs are not 
in contact with the electrolyte, since they lie outside the square sealed area 
of the outer 0-rings . 

The external fluid connections to this cell consist of an anolyte inlet, anolyte 
discharge, catholyfce discharge, nitrogen purge gas inlet and cathode gas outlet. 
In addition, there is a thermometer -type mercury switch to act as a cell over- 
temperature monitor. Initially a 60°C switch was Installed. 

It was desired to make several test runs with the anode consisting (electrically) 
only of the wires. Accordingly, the platinum anode frame was coated with elec- 
trical insulating material: In test run 7 two coats of Epibond 100 plus one 

coat of butadiene styrene. It was found that these coatings peeled, especially 
at the sharp edges of the metal. Another attempt was made (Runs 8 and 9) to 
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insulate Che anode frame. One coat of mica-filled Kynar, one coat of graphite- 
filled Kynar, and two additional coats of ordinary PVF2 K 3 mar were sequentially 
applied (each layer by four (4) dips, each dip followed by a 350°F oven cure). 
Adhesion of this K 3 mar was better than the previous coating, but it, too, 
exhibited peeling starting at the sharp edges. 


3.1,2 Test Apparatus 

A test station in the electrolysis laboratory was modified for testing of 
the electrolytic pretreatraent system. The system was set up to test the cell 
1 — ‘der the following conditions. 


Urine quantity; 
Urine temperature: 
Urine flow rates; 
Sampling: 

Reactor pH level: 
Voltages; 

Current ; 

Gas vents: 


maximum 1,500 cc 
55°C 

Adjustable, to 940 cc/minute 

Both liquid and gas 

Measurement required 

Anode/ Calomel, Calomel /Cathode, 
Anode/Cathode 

Adjustable cell current up to 20 amp 
DC 

Safe external vents for H„, Cl«, 

Og, etc. 


Figure 15 is a schematic diagram of the test apparatus. The general arrange- 
ment consists of two loops. The top loop is Che urine cell loop; the 
bottom loop is the temperature control loop. These two loops interact 
thermally through the heat exchanger. Each loop has its own pump, flowmeter 
and control valves. 

The fluid circulating in the temperature control loop is water. Solenoid 
valve SV is controlled by temperature switch T2, so that if T2 exceeds its 
set point, SV (which is normally open) closes, thereby shutting off the flow 
to the heat exchanger. 

An over temperature thermal switch T1 activates to shut off cell power and the 
heater in the bottom loop . 
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The 125 watt heater shavm in the schematic diagram did not provide enough 
heat itself, so it was supplemented with another heater located in the surge 
tank. These two heaters are connected in parallel with one another, and in 
series with a thermostatic over -temperature switch which Is immersed in the 
surge tank water, and is set to shut off at a preselected temperature. In 
all tests up to the studies of the effects of temperature, the set points of 
T2, T1 and the water over temperature switch were 55*^C, 60°C, and 85°C 
respectively. 

The materials used in the urine loop are corrosion resistant. Tubing is 
Eastman Imperial Poly-Flo, tubing fittings and valves are nylon, flowmeters 
and temperature switches are glass, bubbler column and reactor are Plexiglas, 
centrifugal pump is nylon, and heat exchanger is stainless steel (or plastic, 
for small volume tests) . 

Rubber septums are provided to withdraw liquid eamples at locations SI, S2, 

S3, and S4 . Gas samples are taken at the top of the reactor, using an MSA 
syringe and Kitagawa reagent tubes sensitive to chlorine and ozone. 

Beckman electrodes are inseiiied into the urine at the top of the reactor,* 

one pair for measuring pH and a single Calomel electrode as a reference standard 

for the cell anode and cathode voltages. 

The inlet tube to the reactor discharges near the bottom of the reactor, with 
its flow directed upward. In order to slow the rate of bubbles rising in this 
stream, as well as to provide baffling for mixing the liquid, the reactor was 
initially filled with ceramic chlpt.. In later tests, these ceramic chips were 
replaced with catalysts or ronoved. 

All tests run with the maximum amount of urine (150O cc) used a stainless steel 
heat exchanger which has a urine capacity of 7IO cc. This would obviously be 
unfeasible for those tests in which the total urine quantity was to be JOO cc. 
Therefore, such tests were performed substituting a plastic heat exchanger which 
has a urine capacity- of 50 cc. 
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In place of the parallel and separate flow of the anolyte and catholyte 
through the cell (as shown in* the schematic diagram) it was desired to run 
several teats having a different internal cell configuration. For these tests, 
the NAFION membrane was removed, and all of the tirine flowed into the cell 
through flowmeter FA and out of the cell at sampling point S2. Alternatively, 
all of the urine entered through FC and exited at SI. 

3.2 TEST PROCEDUEES 
3.2.1 Cell Operation 

Before each test inin, the urine loop was drained completely and flushed with 
water twice. If it was deemed necessary, the cell was disassembled, sludge 
was removed, and the NAFION membrane was replaced. After the cell was 
reassembled and reinstalled, a measured quantity of raw urine was poured into 
the reactor and circulated to fill the urine loop. A 250 cc sample of the 

raw urine was retained for future reference. A small amount of Dow Corning 

anti-foaming agent G was added to the urine to prevent foaming. The heating 
loop was then turned on to heat the urine loop. 

After the urine reached operating temperature, an initial sample of 10 cc was 
taken, and the initial pH was measured. Then the cell was turned on at the 
proper amperage and the cell voltages were measured. The time at which each 
measurement was taken was recorded. The anolyte flow at meter FA and the 
catholyte flo\7 at meter FC were set at the desired values by adjusting valves 
VA, VC, and VE in addition to using a Variac to adjust the speed of pump PE. 

The amount of gas pressure necessary to prevent flooding of the cell gas 

chamber was obtained by adjusting the nitrogen inlet valve and the gas outlet 
valve. The bubbler column provided a static water heat of about 20 inches 
of water. 


The following measurements were recorded periodically; 
Time 

Cell amperes 

Cell voltage (anode to cathode) 
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Voltage - calomel electrode to anode 
Voltage - Calomel electrode to cathode 
Urine pH 

Anolyte and Catholyte flow rates 
Chlorine gas concentration 
Ozone gas concentration 
Observation of urine color change 

It should be noted that the MSA-Kitagawa reagent tubes were limited to maximum 
values of 5 ppm for ozone and 20 ppm for chlorine gas. 

In addition to the above measurement, 10 cc samples of electrolyte were drawn 
at the indicated locations S 1 through 5, and were analysed for one or more 
of the following: 

TOC concentration 
Perchlorate ion concentration 
TKN concentration 
Chloride ion concentration 
pH 

During many of the tests, the cell current was reduced after the perchlorate 
ion concentration reached 50 ppm to prevent excessive formation of this sub- 
stance. 

When high values of cell current (e.g., 18 amperes) are used, the portion of 
cell electrical power manifested as heating becomes so appreciable that it keeps 
the temperature of the urine at or above 55*^C. In this condition, not only 
must the heaters in the thermal control loop be turned off, but it sometimes 
became necessary to supply ice in the surge tank. 

Upon completion of each test run, a sample of the final product (mixed electrolyte) 
was stored in a refrigerator for future reference. 

Chemical analysis. - Aliquot liquid and gaseous samples were obtained at the 
various sampling locations discussed previously and analyzed by the method 
outlined below. 
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Total organic carbon: A Dohnnann Enviro-Tsch total organic carbon analyzer 
(Model DC-50) was used to analyze the total organic carbon content in the 
samples . Aqueous samples were prepared for analysis by acidifying with 3N 
HCl to adjust the sample pH to approximately 2. Instrument measuring range 
was calibrated from 1-800 mg/ml with known carbon content of potassium hydrogen 
phthalate dissolved in deionized water. For samples possessing higher values 
than the calibrated measurable range, sample dilutions were made with deionized 
water. 

Perchlorate ion: Perchlorate concentration levels were measured with an 

Orion perchlorate ion activity electrode Model 92-81, The perchlorate 
electrode was used with a double junction reference electrode containing 4N 
NACI in the outer compartment. Millivolt readings were obtained on a Model 800 
pH/Mv meter. Perchlorate concentration levels were obtained by comparison 
against standard sodium perchlorate solutions in the range from 8-1000 ppm. 

Chloride ion: Standard conduct imetric titration methods were used to 

measure the chloride ion content with varying concentrations of standard 
silver nitrage solutions and in Industrial Instrument Model RC1632 con- 
ductivity bridge equipped with a Sargent conductivity cell. Measurable 
range was from approximately 10 to 6000 ppm chloride content. 

Total Kjeldahl nitrogen: The Standards Method of Examination of Water and 

Waste Water was used to measure the total Kjeldahl nitrogen content. 

The analysis was carried out by Cook Research Laboratory, llenlo Park, 
California. 

Reactor gas effluent: The chlorine, ozone, oxygen, nitrogen, and hydrogen 
levels in the reactor gas effluent were measured by the methods outlined below. 


( 10 ) 


Standard Methods for the Examination 
Edition, 1971. 


of Waste and Wastewater, 


13th 
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Chlorine and ozone analyses were accomplished by colorimetric tube techniques 
with a MSA detector tube kit. Measurable range was from 1-20 ppm and 0.5-5 
ppm for chlorine and ozone respectively on 100 cc volume size samples. 

Oxygen, nitrogen, and hydrogen were measured by gas chromatographic analysis 
techniques. 5-10 cc volume syringe samples were obtained and injected via 
sampling port into an FfiM Model 720 gas chromatograph equipped with a high 
resistance thermal conductivity cell and a 10 ft. x ^ in. O.D, column packed 
with molecular sieve 5A. 

3.3 PROCESS MECHANISMS 

Later in this program, more detailed studies of possible mechanisms were 
carried out. These are reported in the following section of this report. 

This section presents a brief discussion which leads to a derivation c" the 
initial process current efficiency and selection of parameters for test. 


The oxidation of organic material in urine is, at best, a complex process in 
which a number of processes are occurring simultaneously. Depending upon 
the process conditions, shifts are possible which will favor one or another of 
the possible mechanisms. The objective of the single cell tests was the 
selection of those conditions which result in an efficient destriction of TOC 
with a minimum build-up of perch locate ion. 


( 11 ) 

The compsotion of urine is well documented , It shows urine to be composed 

primarily of urea, inorganic chloride salts, and a wide variety of organic 

compounds and inorganic salts in lower concentrations. The complexity and 

variability with batch are one of the main blocks to a complete understanding 

of the process. Studies to date have shown that urea, the main organic 

material included in TKN, is also the most easily oxidized. This has been 

( 12 ) 

reported by V.A. Gromyko . During this portion of the process, current 
efficiencies based upon urea oxidation are high. 


Composition and Concentration Properties of Human Urine, DAC-61125-F1. 

( 12 ) 

V.A. Gromyko et. al, XXIVth Informational Astronautical Congress Baku, 
U.S.S.R, "Study of Water Reclamation from Urine by the Electrochemical 
Method", 
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Once TKN approaches zero, current efficiency seems to drop off and the 
remaining organic material is more difficult to oxidize. This can be seen 
in the TOC data curves. The slope of TOC vs Amp-hrs. decreases indicating 
a loss in efficiency. As some of the organic material has a higher oxygen 
demand than the urea, a portion of the increased oxygen demand will go 
toxTard the oxidation of the remaining organics and the balance is attributed 
to loss of current efficiency. 

T^TO possible mechanisms can contribute to the oxidation of the organic 
materials. These are: 

o Direct electrochemical oxidation 

o Indirect oxidation by active chlorine and other oxidants 
formed by the electrochemical process 

Evidence exists, Ref. 1, 2, that each of these mechanisms is possible. 
Considering urea, which is the major organic constituent of urine, and is 
the first material to be oxidized, we may assume the following simplified 
reactions . 

3.3.1 Overall Reaction 

+ 30^ + 200^ + 2N2 

This reaction shows that a minimum of six equivalents of oxygen are required 
to oxidize a mole of urea. This has value in that this relationship estab- 
lishes the minimum current required for oxidation and is the basis for cal- 
culating the current efficiency during that part of the process where urea 
oxidation seems to be dominant. 


3.3.2 Electrochemical Oxidation 

0 Adsorption of urea on the electrode surface 
o Anode reaction 

o NH^CONH^ + 60H SH^O + + CO 2 + 6e" 

o Cathode reaction 

6H2O + 6e"— ^ 3H2 + 60H“ 


OKir.WAL P 
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From the above reactions, we see that hydroxyl is consumed at the anode 
resulting in a relatively acidic anode environment and hydroxyl is generated 
at the cathode resulting in a relatively basic cathode environment. 

3.3.3 Chemical Oxidat ion 

o Anode reaction 

6C1 f*'3Cl2 + 6e 

o Hydrolysis of CI 2 

3 CI 2 + 3 H 2 O = 3 HOCl + 3HC1 

3H0C1 = 3H‘^ = 30Cl" 
o Reaction with urea 

1^200^2 + 30C1‘^'C02 + Ng -5- 3Cl“ + 2 H 2 O 

Once again we see that six electrons are transferred in the oxidation 
process. However, a number of intermediate steps take place in the 
reaction sequence. 

3.3.4 Current Efficiency 

In the previous sections we saw that the oxidation of urea requires the 
transfer of six electrons regardless of the manner in which the reaction 
proceeds. If one assvraies that the dominant reaction during the initial 
phase of oxidation is the destruction of urea, a calculation of required 
current can be made. Faraday's first law of electrolysis states that the 
mass of a substance involved In reaction at an electrode is directly propor- 
tional to the quantity of electricity passed through the solution. Further, 
the reaction of one equivalent requires 96,494 coulombs or amp-sec. Thus, 
the reac' on o . me equivalent, or 10.01 grams, of urea, will require 
96.494 amp 

Relating equivalents of urea to TOC, we see; 

NH 2 CONH 2 + 3/2 O 2 ^2H20 + CO 2 + 1^2 
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which yields 12 grains of organic carbon per mole, or 60.06 grams of urea. 


This results in 

(96,^9^) 

“( 10 . 01 ) 


a current requirejncnt of; 


sec 

TOC 


The slope of the ideal, 100 percent current efficiency, TOC vs amp-hours 
curve can now be calculated; 


ideal 


(V) (3600) 


where V is the volume of urine in liters and TOC is in units of gtn/liter. 
Using 1.5 liters or urine and miligrams of TOC, which was used during most 
of the test runs, the slope becomes; 

m = (3600) (1000) ^ r.1^ milligram s 

(1.5) (1*8, 24 t ) ■ 

Since tbs process involves the destruction of a species, the slopes will be 
negative. 


The initial current efficiency which assumes the distract ion of urea comes 
first, can be calculated from the experimental slopes. 


M 

I = observed 


X 100 


M, 


ideal 

As the process proceeds beyond the oxidation of urea, other organics will have 
differing ratios of TOC per equivalent of chemical. Thus, the slope will 
change. In general, most organics will have a higher TOC and the resulting 
slope will be less. 
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In this operating region an assessment of current efficiency is not possible. 
However the data show a decrease in chloride and the evolution of chlorine 
after TKN approaches zero. This Indicates loss of oxidizing species, the 
current efficiency must be somewhat less than 100^, 

An examination of the above equations suggests that pH might be an important 
parameter. This follows from availability of hydroxyl ions at the cathode for 
direct electrochemical oxidation and from the effects of pH on the chlorine 
water chemical equilibria. 

Another group of reactions is also of importance. These relate to the for- 
mation of perchlorate ion. Perchlorate ion can be fomed directly from the 
oxidation of chloride ion if the electrode potential is sufficiently high. 
Further, perchlorate can be found by the electrochemical oxidation of chlorate 
ions. Chlorate ions can be formed by either electrochemical oxidation of 
chloride ions or by combination of hypochlorite in solution. As was the 
case with the urea oxidation, the possible routes are multiple. The desire 
is to select process conditions which are not favorable to perchlorate forma- 
tion. In this case, pH, electrode potential, and system temperature seem to 
be the dominant variables . 

As the electrochemical oxidation of urine proceeds, the urea and other 
organic compounds which contribute to TKH are oxidized first. Then, other 
organic materials such as organic acids are reacted. As is the case with 
the urea, both electrochemical and chemical oxidation processes are important. 
However, surface adsorption of these compounds does not seem to be as high as 
for urea resulting in a possible shift in mechanisms. Dxiring this phase of 
oxidation, lower potentials may serve to reduce perchlorate formation. 

In summary, the complexity and variability of the urine coupled with the 
multiple mechanisms of oxidation make accurate analytical evaluations nearly 
impossible. However, it seems evident that during the various phases of the 
process, different parameters are in control. The identification of these 
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parameters and their proper setting as the process proceeds should provide 
the key to a final system design. 

3.4 TEST PROGRAM 

A series of 32 batch tests were carried out in which a number of variables 
x<rere investigated. Table 44 presents a summary of these tests and the key 
variables which were changed. 

Test run 1 through 7 were carried out to gain familiarization with the 
process and the apparatus. With the exception of run 1, initial currents 
X7ere started at a high level. As perchlorate buildup was observed, the 
current was reduced to prevent further increases. In tests 8 through 32 all 
runs explaining a common variable were made with the same batch of urine. 

In test runs 8 and 9, the volume in urine in the system was varied to assess 
its effect on system operation. 
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TABLE 44 
Teat Run. Suiranary 


f 


Urine TOC **Initial Current Electrode Electrode 


Run 

No. 

Current 

(amps) 

Flow 

(cc/min) 

Volume 

Urine 

Batch 

Initial 

(mg/1) 

Efficiency 

(Percent) 

Rim 

(cm^) 

Wire 

(cm^)* 

Nafion 

1 

3.2 

82 

1500 

New 

5525 


125 

75 

Hew 

2 

Variable 

62 

1500 

New 

5400 

— 

125 

75 

Run 1 

3 

Variable 

190 

1500 

New 

6055 

80 

125 

75 

Run 1 

4 

Variable 

190 

1500 

New 

3935 

78 

125 

75 

New 

5 

Variable 

470 

1550 

New 

3500 

57 

125 

75 

Run 4 

6 

Variable 

90 

1500 

New 

4480 

57 

125 

75 

Run 4 

7 

Variable 

190 

1200 

New 

4450 

63 

0 

57 

New 

8 

12 

190 

1500 

New 

4920 

88 

0 

57 

New 

9 

12 

190 

700 

Run 8 

3650 

73 

0 

57 

Run ti 

10 

6 

190 

1500 

New 

5255 

85 

69 

65 

New 

11 

12 

190 

1500 

Run 10 

5110 

85 

69 

65 

Run 10 

12 

18 

190 

1500 

Run 10 

5105 

85 

69 

65 

Run 10 

13 

6 

470 

1500 

New 

6355 

90 

69 

65 

New 

14 

12 

470 

1500 

Run 13 

5810 

90 

69 

65 

Run 13 

15 

18 

470 

1500 

Run 13 

6040 

90 

69 

65 

Run 13 

16 

6 

470 

1500 

New 

2950 

80.6 

69 

65 

None 

17 

12 

470 

1500 

Run 16 

2805 

80.6 

69 

65 

None 

18 

18 

470 

1500 

Run 16 

2970 

80.6 

69 

65 

None 

19 

12 

470 

1500 

New 

5025 

100 

69 

65 

None 

20 

18 

470 

1500 

Run 19 

5540 

100 

69 

65 

None 

21 

18 

470 

1500 

Run 19 

5550 

100 

69 

65 

None 

22 

18 

470 

1500 

New 

6900 

100 

69 

65 

None 

23 

18 

82 

1500 

Run 22 

6300 

79 

69 

65 

None 


^observed / 1 nrt^ 

**Inltial Current Efficiency, I = 

ideal 
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TABLE 44 (continued) 


LO 

to 

J-1 


Run 

No. 

Urine 

Batch 

Initial 

TOC 

Initial 

Efficiency 

Temp 

OG 

Initial 

pH .. _ 

Catalyst 

24 

0 

3710 


55 


None 

25 

0 

4490 

84 

55 


None 

26 

0 

3980 

70 

70 


None 

27 

0 

4620 

97 

80 


None 

28 

V 

4765 

71 

80 

8.3* 

None 

29 

V 

5505 

90 

80 

9.3* 

None 

30 

yz 

5110 

107 

80 

9.1* 

.5% Pt 

31 


2920 

49** 

80 

8.9* 

Co (OH) 5 

32 


5530 

105 

80 

9.3* 

.57J1U 

NOTES: 

All runs made with 

a flow of 470 

cc/min 





All runs made with variable current 
All runs made with 1500 cc urine except 31 
*pH adjustment with ICOH 
*^Co( 0H)2 oxidized to Co(OH)^ 


® § 

II 

I- 

Ir^ CO 


The rapid buildup of perchlorate noted in test runs 1 through 7 resulted in 
a decision to run a series of short constant current tests (Runs 10 through 
20 and runs 22 and 23) to evaluate the effect of different parameters on 
perchlorate build up and current efficiency. The parameters investigated 
included: 

o Cell current 
o Circulation rate 
o Membrane for electrode separation 
o Circulation path 

Run 21 was a single run made to assess the effects of a platinum catalyst in 
the reactor. 

Pollomng the short runs, additional runs were made to explore the effects of 
o Cell temperature 
o pH 

o Reactor catalysts 

Each of these runs were carried out with variable current to a point 
where TKET approached zero. The following is a description of the tests 
carried out. 

Test Run 1 was the initial test run. It was carried out at low amperage and 
thus no build-up of perchlorate was observed. 

Test Run 2 is a repeat of Run 1, but at a higher amperage. This run was 
also plagued with urine loss problems due to foaming. 

Test Run 3 is the first complete run made. Antifoam was used to prevent 
the loss of urine. During the first 9.55 hours of this test, the current was 
held constant at 12 amps. However, a rapid rise in perchlorate after 80 amp 
hours resulted in a decision to reduce the potential to a lower level to limit 
perchlorate build-up. This occurred at an anode to reference potential of 2.9 
volts. The true electrode potential at this condition is not known. However, 
it is likely under 2 volts since perchlorate formation leveled off. 
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After Test Run 3, the cell was disassembled and inspected* A deposit was 
observed on the membrane. In addition to the deposit on the membrane, 
considerable corrosion and deposits of material in the stainless steel 
membrane support screen was noted. Analysis of the deposit made by emission 
spectroscopy showed 
Major: Ca 

Minor: Mg, Fe 

Trace: Cu 

The cell was then reassembled with a new membrane installed. This configuration 
was held constant for runs 4 through 6. Initial current was set at 18 amps. 

As in Run 3, the perchlorate built up rapidly. The current was then reduced 
to 12 amps, resulting in a leveling-off of perchlorate. Then, when it 
started to rise again, the potential was dropped to 2.9 volts. 

A series c£ runs was then set up to establish the effects of several 
parameters on the process. In Run 7, the platinum electrode support frame 
was electrically insulated to allow evaluation of the wire electrode alone. 
iXiring the test, some of the insulation peeled off of the rim. As a result, 
the exact electrode area was undefined. 

A Kynar coating was then placed on the rim for tests 8 and 9. Since perchlorate 
formation was occurring before the removal of TKN, the remaining tests of 
the entire series were run at constant amperage until perchlorate started its 
rapid rise. The test was then stopped at this time. This procedure was 
selected to allow the maximum possible time to investigate the perchlorate 
build-up prpblem. During these tests, data were taken on TOC and perchlorate 
only. All samples were extracted from the circulation pump inlet. 

Runs 8 and 9 were identical except for urine volume. Although initial 
indications were that the reduced volume of Run 9 resulted in decreased 
efficiency and increased perchlorate formation, the lower TOC of the urine 
used in Run 9 is another possible explanation. Thus, the data for these runs, 
which are presented in Figure 16 are considered inconclusive. 
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Because of the possible effect of differing batches of raw urine, the 
rest of the mns were made in groups using urine from the same batch. 

The rapid increase in perchlorate in Runs 8 and 9 resulted in a decision 
to remove the insulation for the remaining runs. In Runs 10 through 15, 
the effect of current was explored at two different flow rates. These 
data are presented in Figures 17 and 18. 

The Nafion membrane was then removed and tests with flow from the anode to 
cathode side of the cells, Runs 16 through 18, and from the cathode to the 
anode side of the cell, runs 19, 20 and 21, These data are presented in 
Figure 19, 20, 32 and 33, 

In the next test, Run 21, the 1/4 inch porcelain saddles used as packing in 
the reactor were removed and 1/4 inch cylinders of alumina covered with 
platinum were inserted. This test was designed to shov7 the effect of use 
of a catalyst in the reactor. The results are presented in Figures 20 and 21. 
The cell configuration and run conditions were identical to Run 20. 

In the next series of tests, the effects of cell flowrate were explored. 

The TOC data for these runs, Runs 22 and 23, are presented in Figure 21. 

Data on the perchlorate buildup is presented in Figure 34. 

Run 24 through 28 were carried out to define the effect of temperature. 

During Run 24, the temperature control was erratic; thus, the results are 
uot presented. Data for Runs 25, 26, and 27 are presented in Figures 22 
through 24 respectively. The temperature of the circulating urine was 55°C, 
700° and 80°C respectively. These runs the same initial batch of urine was used 
and all other operating parameters were unchanged. 

In each run the starting current was 18 amps, the maximum power supply rating. 
This current was continued until a rise in perchlorate was noted. Then, the 
voltage was reduced for the remainder of the test, 
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AMPERE-HOURS 


Figure 17 TOC Reduction 

Runs 10, 11 and 12 


Flow 

Anolyte 190 ml /min 
Gatholyta 190 ml /min 



TOC {ppm) 


100 


RUN 13 

14 

15 


O 6A 
□ 12A 
A18A 


AMPERE-HOURS 


Figure IS TOC Reduction 

Runs 13, 14 and 15 


Flow 

Anolyte 470 ml/min 
Cadholyte 470 ml/min 


NOTE: Curves parallel displacement occurred 

ovemisht - assumed TOC instrumentation error 
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Figure 23 Run 26 Urine at 70°C 
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Another possible means of suppressing perchlorate through pH adjustment was 
then investigated in runs 28 and 29. These tests were all carried out at 
80°C which seemed optimum from the previous tests. In these tests the 
initial pH was adjusted with potassium hydroxide. 

The method of test operation was as in Runs 25 through 27, Data for these 
runs are presented in Figures 25 and 26. 

Runs 30, 31, and 32 were carried out to gain information on heterogeneous 
catalysts. The temperature of the test was 80*^C and the initial pH adjusted 
to about 9.0. In these tests, the ceramic saddles in the reservoir were 
removed and were replaced by the catalyst under test. The data for the 0.5% 

Ft on alumina run is shcmm in Figure 27 the Co(0H)2 iii Figure 30 and 
the 0.5% Ru on alumina run in Figure 29. 

3.5 TEST RESULTS 

In the test program, a wide variety of parameters were investigated. The 
results of the tests are presented below. 

3,5.1 Influence of Current 

Test runs 10 through 12 and 13 through 15 were carried out at constant 
current and with the same batch of urine. The only difference between these 
two series was flow. In runs 10 through 12 the flow was 190 cc/min and in 
Runs 13 through 15 it was 470 cc/min. The data in TOC vs amp-hr shown in 
Figures 17 and 18 show that the current efficiency of each series was nearly 
constant. Thus it is concluded that current does not influence the process 
efficiency early in the run. Figures 30 and 31 present perchlorate buildup 
data. They show that lower current results in a slower buildup rate but also 
that as the process continues the level jumps up on all runs. Further, com- 
parison of the figures shows a definite delay in buildup at the higher flow. 
Little influence of flow on current efficiency was noted at these flow rates. 
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Figure 29 Run 32 1.5 1 of Urine at 80 ° c 

pH Increased Ruthenium Catalyst 
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amper^hours 


Figure 30 Perchlorate Buildup 
Flow 

Anolyte 190 ml /min 
Catholyte 190 ml /min 




3.5.2 Influence of Cell Membranes 

» 

In Runs 10 through 15, a Nafion membrane separated the anode and cathode. 

In Runs 16 through 20 it was removed. In Figures 35 through 37, results of 
perchlorate build up for a constant current are presented. They also show 
the clear advantage of higher flow for suppressing perchlorate. They also 
indicate that the optimum configuration occurs without the membrane and with 
the flow in the cathode to anode direction. 

3.5.3 Influence of Circulation Rate 

Data from Runs 10 through 15 show little difference in current efficiency 
with a flow variation of 190 to 470 cc/rain. However the increased flow does 
result in a significant delay in perchlorate buildup. The data for Runs 22 
and 23 presented in Figures 21 and 34 show increased current efficiency and 
comparable perchlorate buildup at the twD flows. As a result of the membrane 
tests and flow tests, all remaining tests were carried out without a membrane 
and with a cathode anode flow of 470 cc/min. 

3.5.4 Influence of Temperature 

Runs 25 through 27 were carried out in an identical way with the same urine 
batch. The only difference was temperature. With regard to perchlorate 
buildup, the data show a lower rate at 80°C, even though the current was 
maintained at a high level. The current efficiency was also higher possibly 
because of the increased reaction rate between species. As a result of the 
temperature runs, all other runs were carried out at 80°C. 

3.5.5 Influence of pH 

The initial pH was varied in runs 28 and 29 by addition of potassitim hydroxide. 

The data presented in Figures 30 and 31 shc«^ a definite suppression of perchlorate 
at elevated pH. Since pH requires chemical additives it may not prove desirable 
in a flight system unless the perchlorate formation is especially undesirable. 
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Figure 36 Perchlorate Configuration Effects 
12 Amp Data 
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3.5.6 Effect of Catalyst 

During njost runs the reactor was filled with ceramic saddles. In runs 21 
and 30 through 32 the saddles were removed and catalysts were placed in the 
reactor. Use of previous metal catalysts on alumina in runs 21, 30, and 32 
showed improved current efficiency. However, the catalyst was attacked, making 
its use undesirable. In addition, the improved efficiency may be due to 
adsorption - of organics on the catalyst surface. 

In run 31 (CoCOH)^ was evaluated as a catalyst. It was thought that cobaltous 
ion may inhibit perchlorate formation. However in the test the cobaltous 
was converted to the cobaltic form, and the test was aborted. 


np POOR quality 
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Section 4 


MECHANISM STUDIES 


In order to gain insight into the electrochemical pretreatment process and to 
aid in the establishment o£ design parameters, a number of tests were carried 
out to elucidate possible process mechanisms. In the previous two sections, 
it was shown that chlorine forming electrodes are effective in reducing both 
TKN and TOC. Furthermore, a 107o Rh-Pt wire electrode x^as shoxon to be the 
optimum configuration. Tests on oxygen forming electrodes showed that this 
type of electrode was not effective at reducing either TOC or TKN. 

The tests described in the electrode selection used a partition to separate 
the anode and cathode. A test series was set up to evaluate separators. 

These tests showed that separators did not influence the results. However, 
these tests on partitions led to a study of the effects of temperature on the 
process. The temperature studies showed that it is desirable to operate the 
process at or above 55°C. 

In order to gather information on the destruction of TKN and TOC, tests were 
run on both constituents of urine and on real urine under both electrolytic 
and nonelectro lytic conditions. 

The first tests were run on the electrolysis of urea, organic compounds, and 
organic ammonium compounds in the presence and the absence of chloride ion. 

Where chloride was absent, sulfate was substituted. The results of these tests 
showed that with electrolysis in the absence of chloride, the removal of TKN 
from solution cannot be obtained. This indicates that the chloride present 
in urine is important for the removal of TKN for the electrolysis process. 

Further investigation of the function of chloride was carried out by addition 
of chloride and chlorine compounds which may be chemical intermediates to urine. 
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Treatment of urea solution and urine with sodium hypochlorite showed that 
complete removal of TKN from urea and urine can be obtained by sodium 
hypochlorite. However, complete removal of TOC from urine cannot be 
accomplished by treating urine with hypochlorite. The results of the study 
indicate that the main compound removed by hypochlorite from urine was 
urea. The results of the investigation also indicate that the removal of 
TKE5 from urine by electrolysis is due to electrochemically produced hypoch- 
lorite. Treatment of urine with chlorine gas showed that chlorine gas 
removed most of TKN from urine by complete removal of TKN was not obtained. 
This difference in the activity of chlorine gas and sodium hypochlorite 
for the removal of TKN might be due to the differences in the pH of the 
solutions . 

The possible operation of the process in an anodic ozone production mode led 
to the investigation of ozone treatment of urine. The results showed that 
ozone is ineffective for the removal of TKN but that ozone does remove some 
of the organics other than urea. 

This lead to the study of ozone treatment after a pre-electrolysis phase in 
which the TKN was removed. Ozone was used to remove the remaining organic 
material. The tests showed that the remaining organics, after electrolytic 
treatment were resistant to ozone treatment. It is concluded that ozone 
oxidizable organics are also removed by the electrolysis process. 

In the following pages of this section the details of these studies are 
presented. 
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4.1 PARTITION EVALUATIONS 

In this section the results of test runs in urine with a 10% Rh-Pt, 10 mil 
wire grid, with and without the membrane anode/ cathode separator are presented 


A circulating batch system was used for all these test runs. The cell used 
for the test runs was the same as was used previously (see ELECTRODE SCREENING 
TESTS). The anode was a grid of 10% Rh-Pt, 10 mil wire. The anode con- 

2 

figuration is shown in Figure 9. The surface area of the wire was 16 cm . 

The cathode was 7 cm x 5 cm 2 mil platinum sheet. A perfluorosulphonic acid 
membrane reinforced wj-ch 'Teflon' cloth (DuPont 'Nafion' XR-480) was used as 
an anode/ cathode separator. The volume of urine used for each test run was 
600 ml and a galvanostatic procedure (nnstant current) was used for the 
electrolysis. The batch of urine used fjr the test runs described in this 
part contained lower chloride and TKN concentration than the batches of urine 
used for the previous test runs. 

4.1.1 Low Temperature Electrolysis 

Two test runs were made; one with an anode/cathode separator and the other 
without the separator. The electrolysis was performed at 7 A for 56 A. hr. In 
both cases the solution was recirculated through the cell with a peristaltic 
pump using silicone tubing. The temperature of the solution was kept below 
45^C by passing it through a coil of silicone tubing immersed in ice cold 
water. During the test runs the anode potential was measured periodically. 

At the beginning of electrolysis the anode potential was 3.4 volts. During 
electrolysis the potential decreased to 2.8 and remained essentially con- 
stant. The results of these test runs are shotitti in Tables 45 and 46. As seen 
in the tables, the pH of the solutions decreased during electrolysis and 
remained low. Complete removal of TKN was not obtained. The formation of 
perchlorate was considerable even before the removal of TKN, These results are 
different from those obtained for test runs in beakers with the solution being 
mixed vigorously by a magnetic stirrer but are similar to those observed for 
test runs in a circulating system at a flow rate of 600 ral/minute. These 
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TABLE 45 


Test Run in Urine with lOZ Rh-Pt Wire Grid and with 
Cation Membrane ’Nafion' for Anode/Cathode Separator, 45 C 


A* hr 

Anode 
Potential 
vs . SCE 
(volt) 

■■ - pH . J 

Cl" 

ppm 

CIO, 

4 

ppm 

CIO 3 

ppm 

CI 2 

ppm 

TKN 
ppm N 

no" 

ppra N 

TOC 

ppm 

Ano- 

lyte 

Catho- 

lyte 

Mix- 

ture 

0 


6.4 

6,4 

6.4 

4250 

- 



5900 

- 

5700 

7 

2.8 

5.1 

6.9 

6.1 

- 

50 

- 

- 

- 

- 

- 

28 

2.8 

3.4 

6.4 

5.2 

- 

180 

- 

- 

- 

~ 

- 

35 

2.8 

2 

4.3 

3.3 

2750 

250 

538 

133 

532 

125 

1850 

49 

2.8 

1.6 

2.3 

1.9 

850 

1200 

850 

18 

196 

308 

800 

56 

2.8 

1.7 

2.2 

1.9 

282 

3000 

430 

<1 

90 

292 

330 


Volume of urine used = 600 ml. 

2 

Area of the anode = 16 cm 
Current used = 7 A. 

o Peristaltic pump with silicone tubing was used for the circulation of the solution through cell 

o Floxtf rate 900 ml. /minute 
o Real Urine 

o 10 ^ Rh'-Pt wire grid 
o 'Nafion' membrane 







TABLE h6 


Test Run In Urine with 10% Rh-Pt Wire Grid 
without Anode/Cathode Separator^ 45*^C 



A'hr 

Anode 
Potential 
Vs . SCE 
(volt) 

pH 

I- r 1 

Cl 

ppm 

CIO, 

4 

ppm 

CIO^ 

ppm^ 

ppm 

TKN 
ppm N 

NO^ 
ppm N 

TOC 

ppm 


0 

- 

6.4 

4250 

- 

- 

- 

5900 


5120 


28 

2.8 

4.5 


350 

- 

- 

- 

- 

- 


35 

2.8 

2.9 

2630 

500 

425 

238 

1260 

120 

1 

2300 


49 

2.8 

1.7 

1400 

1500 

625 

60 

350 1 

1 

236 

1170 


56 

2.8 

1.6 

1 

636 

2700 

475 

12 

260 

308 ' 

650 

Ln 







' 





E O 


CO 


Volume of urine used = 600 ml. 

2 

Area of the anode = 16 cm 
Current used = 7 A. 

o Peristaltic pump with silicone tubing was used for the circulation of the solution 
through cell. 

ft Flow rate 900 ml/minute 
o Real Urine 
o 10^ ■' Rh-^r't' v;ire grid 






i 


anomalous results obtained in the test runs with and without membrane might 
be due to the insufficient mixing of reaction products. The circulation of 
the solution by peristaltic pump even at a flow rate of 9( . ml/minute may 
not give sufficient mixing of the solution for the quick removal of organic 
present in the urine by hypochlorite or hypochlorous acid produced during 
electrolysis . 

The physical examination of the membrane at the end of electrolysis showed 
no sign of degradation. 

4.1,2 Tests at Elevated Temperature 

For the following test runs the solution was recirculated through the cell 
by a corrosion resistant magnetically coupled centrifugal pump (March 
Manufacturing Company Model MDX-MT3) at a flow rate 900 ml/minute. The 
solution was not cooled. Hence the temperatures of the solution was higher 
than that for the previous test runs in urine. 

Test runs with anode/cathode separator: Two test runs were made; one with 

solution transfer by high density polyethylene tubing and the other with solu- 
tion transfer by silicone tubing. The electrolysis was carried out at 7 A. 
During electrolysis the temperature of the solution increased to 63*^C. The 
anode potential at the beginning of the electrolysis was 3.4 volts, and during 
electrolysis the potential decreased to 2.7 volts and remained essentially con- 
stant at this potential. The results of these two test runs are shown in 
Tables 47 and 48. As seen in the tables, the perchlorate formation was low 
until most of the TKN was removed and complete removal of TKN was not obtain- 
able. The pH change during electrolysis was similar to that obtained for 
test runs in beakers with solution being mixed vigorously by magnetic stirrer. 
The pH of the catalyte was always higher than that of anolyte. 

There was a white deposit on the cathode at the end of electrolysis. This 
•cdiite deposit on the cathode was similar to one that was observed in the 
previous test runs towards the end of electrolysis when the pH of the solution 
was above 6. The anode/cathode membrane separator showed no sign of 
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TABLE.47 




Test Run in Urine with 10% Rh-Pt Wire Grid and with ^ 
Cation Membrane 'Nafion' for Anode/Cathode Separator, 63 C 


Anode pH 

Potential Ano- Cat 
vs. SCE lyte ly 
(volt) 




cio" 

ppm 

Cl, 

ppm 

TKN 
ppm N 

NO^ 

ppm 

- 

- 

5900 

- 

1100 

25 

140 

168 

2000 

130 

0 

230 

1050 

30 

0 

220 



Volume of urine used = 600 ml, 

2 

Area of the anode = 16 cm 
Current used = 7 A. 

^Centrifugal pump with high density polyethylene tubing was used for the circulation of the solution 
through cell. 

Flow rate 900 ml, /minute 

Temperature of the solution = 63“ C, 

Real Urine 

lO/i Rh“Pt wire grid 

'Tlafion* membrane 























TABLE ^ i|.3 

Test Run in Urine with 10% Rh— Pt Wire Grid and with 
Cation Membrane ’Wafion’ for Anode/Cathode Separator, 63°C 


Anode pH 

Potential Ano- Catho- Mix- 
VB. SCE lyte lyte ture 
(volt) 


Volume of urine used = 600 ml. 


Area of the anode = 16 cm 


Current used = 7 A. 


o Centrifugal pump with silicone tubing was used for circulating the solution through cell 
o Flow rate = 900 ml/minute 


o Temperature of the solution = 63“ C. 

o 10^ Rh-Pt 
o Real Urine 










degradation "but it became white towards the end of electrolysis when the pH 
of the catholyte was above 7* This white color on the membrane was not 
observed for test runs when the pH of the solution remained low. The white 
color on the menibrane may be due to the precipitation of calcium and magnesium 
present in urine as calcium hydroxide and magnesium hydroxide at higher pH. 

It was possible to remove the vfhite color on the membrane by soaking it in 
diluted hydrochloric acid solution. 

Test run without separator: The solution was circulated through the solution 

by a centrifugal pump with high density polyethylene tubings. The electrolysis 
was performed at 7 ^ fo^ ^9 A*hr. During electrolysis the temperature of the 
solution increased to 58°C. The anode potential at the beginning of the 
electrolysis was 3*^ volts and it decreased to 2.7 volts during electrolysis 
and remained essentially constant. The results of this test are shown in 
Table ij-9 ' The results show that perchlorate fomation was low until most of 
the TKN was removed, and complete removal of TKN was obtained after 42 A 'hr 
of electrolysis. pH change during electrolysis was similar to that observed 
with test runs with anode/cathode separator. The cathode was covered with a 
white deposit at the end of electrolysis. The comparison of the results of this 
test run with the test runs with anode/cathode separator indicates that anode/ 
cathode separator has apparently very littl- effect on the production of perch- 
lorate and the removal of TKN and TOC during electrolysis of urine (Tables 47 , 
48 and 4^ . 

Test run initially at 7 A followed by electrolysis at 0.35 A; An anode/cathode 
separator was used for this run. Solution was circulated through the cell by 
a centrifugal pump with silicone tubings. The electrolysis was performed first 
at 7 A for 35 A- hr, and then current was reduced to 0.35 A. The electrolysis 
at 0.35 A continued further for l4.7 A' hr. During electrolysis at 7 A the 
tonperature of the solution reached 63 °C and the temperature of the solution 
during electrolysis at 0.35 A was 24°C. The anode potential at the beginning 
of electrolysis at 7 A was 3-4 volts, and it decreased to a value of 2.7 volts 
during electrolysis and remained constant. The anode potential at 0.35 A 
was 2.1 volts. The cathode was covered with a v/hite deposit at the end of 
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electrolysis. This deposit was similar to that observed in the previous test 
runs. The anode/cathode membrane separator showed no sign of degradation, but 
it became white at the end of the electrolysis. It was possible to remove this 
white color by soaking the membrane in diluted hydrochloric acid. The results 
of this test run are shown in Table 50. The results show that perchlorate 
formation stopped when the current was reduced from 7 A to 0,35 A. At the end 
of 49.7 A hr electrolysis the perchlorate and TOC present in the solution was 
only 90 ppm and 170 ppm respectively. The pH change during electrolysis was 
similar to that observed in the previous runs. 

4.1.3 Effects of Temperature 

For the last three test runs the solutions were not cooled during electrolysis, 
and the temperature of the solutioV) during electrolysis at 7 A was between 
55°C and 65°C for these test runs. To test whether the temperature has any 
effect on the removal of TKU and pH change during electrolysis, two test runs 
were performed (one with anode/cathode separator and the other without a 
separator) in which the solutions were cooled below 45° by immersing the tubing 
for solution cransf.ir in ice cold water. All other test conditions for these 
test runs were same. The electrolysis was done at 7 A for 56 A 'hr for both 
cases. Even after 56 A*hr of electrolysis, the pH of the solutions remained 
low (pH of the solutions were 1.8) and the complete removal of TKN was unable 
to be obtained. A considerable amount of perchlorate was formed before the 
removal of TKN. TEN present in the solutions were 180 ppm and 220 ppm for test 
runs with a separator and without a separator respectively. In both cases the 
perchlorate present in the solution after 56 A hr was 3000 ppm. These results 
are similar to those obtained for the test runs in urine at low temperatures 
(below 45°C) in a circulating batch system but different from the results for 
the test runs in urine in beakers with the solution being mixed vigorously by 
a magnetic stirrer. The results of the test runs in which the temperature 
of the solution was between 55°C and 65^C were similar to those test runs in 
beakers. Examination of these results indicates that if a recirculating batch 
system is used for the electrolysis of urine, high temperature of the solution 
is necessary to get complete removal of TEN without the excessive formation of 
perchlorate. 
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TABLE , 50 

Test Run in Urine with 10% Rh“Pt Wire Grid and with 
Cation Membrane ’Nafion' for Anode/Cathode Separator , Variable Temperature 


Anode pH 

Potential Ano- Catho- Mix- 
vs. SCE lyte lyte ture 
(volt) 





CIO^ 

CI 2 

T 

ppm 

ppm 

1 

1 

PP 
i 


NO^ 
ppm N 


7.0 7.8 7.3 1270 

.2 8.4 7.6 955 

9,2 8.1 425 


Volume of urine used = 600 ml, 

2 

Area of the anode = 16 cm 

Centrifugal pump with silicone tubing was used for the circulation of the solution 
Flow rate 900 ml/minute 

Urine was electrolyzed at 7 A. for 35 A*hr and then the current reduced to 0.35 A. 
Temperature of solution at 7 A. = 63° C. 

Temperature of solution at 0.35 A, = 24“ C. 

Real Urine 

10^ Rh-Pt wire grid 
































A mass ,baicii:'^<=‘ for Cl was not obtained on analysis of the test results. This 
was the case for all the previous test runs. There was a decrease in the 
total amount of Cl present in the solution during electrolysis. This decrease 
in the amount of Cl" occurred more towards the end of the electrolysis and 
after most of TKK was removed from the solution. This decrease in Cl might 
be due to the escf.pe of chlorine gas and other chlorine containing gaseous 
products from the cell. The experimental setup used for the present inves- 
tigation does net provide for the recirculation of the escaping chlorine gas 
through the cell. A closed cell with a solution reservoir may be more efficient 
for the rianoval of TKN and TOC than the presently used system since this 
arrangement will allow the escaping chlorine gas from the cell to mix with 
the solution in the reservoir. 

4.2 ELECTROLYSIS OF UREA SOLUTION 

Stock solutions of urea with inorganic salts ordinarily present in urine 
were prepared in distilled water and stored under refrigeration. The com- 
position of the urea solution used is shown in Table 51. The urea solution 
without chloride was prepared by replacing sodium chloride and potassium 
chloride with an equivalent amount of sodium sulphate and potassium sulphate 
respectively as shown in Table 51. 

4.2.1 Electrolysis in the Absence of Chloride 

Test runs were performed in a beaker and a galvanostatic procedure was used 
for the electrolysis. Four test runs were performed with urea solution 
in the absence of chloride. The volume of the solution used for each run was 
600 ml, and the solution was mixed vigorously with a magnetic stirrer. The 
anode was a 107» Rh-Pt wire grid, and the cathode was a 2 mil 7 cm x 5 cm platinum 
sheet . 

The electrolysis was done at 7 A for test runs numbers 1 and 2. The current 
used for test runs 3 and 4 are 9 A and 14 A respectively. When the current was 
7 A, the anode potential at the beginning of the electrolysis was 3.4 volts, 
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TABLE 51 


Composition of Urea Solution 


Amount 


Item 

mg/1 

Urea 

13400 

Sodium chloride 

8001 

Potassium chloride 

1641 

Potassium sulphate 

2632 

Magnesium sulphate 

783 

Magnesium carbonate 

143 

Potassium bicarbonate 

663 

Potassium phosphate 

234 

Calcium phosphate 

62 


For solution without chloride ions 8.001 gm of sodium chloride was 
replaced by 9.729 gm of sodium sulphate, and 1,641 gm of potassium 
chloride was replaced by 1.917 gm of potassium sulphate. 
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aad during electrolysis the potential decreased to 2,8 volts and remained 
essentially constant. The temperature of the solution was between 50°-55°C. 

At higher current electrolysis (14 A) the temperature of the solution was 
between 60°-65°C and the anode potential during electrolysis was 3.4 volts. 
The results of the four test runs in the absence of chloride are shown in 
Tables 52 and 53. As seen in the tables, though most of TOC was removed, 
there was a large amount of TKN present in the solution even after prolonged 
electrolysis (63 A hrs) . Most of the TKN present in the solution was in the 
form of ammonia nitrogen. The results also show that a high anode potential 
has apparently very little effect on the removal of TKN in the absence of 
chloride. These test results show that complete removal of TKN is not 
possible by the electrolysis of urea in the absence of chloride. 

4,2.2 Electrolysis in the Presence of Chloride 

The electrolysis was done at 7 A. The temperature of the solution during 
electrolysis was between 50°"55°C. The anode potential at the beginning 
of the electrolysis was 3.4 volts and during electrolysis the potential 
decreased to 2.7 volts and remained essentially constant. The results 
of the test run are shown in Table 54. As seen in the table, all the TKN 
was removed after 35 A'hr of electrolysis, and the TOC that remained in 
the solution was 40 ppm. The formation of perchlorate was negligible until 
all the TKN had been removed. 
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t 

j-* 

cn 


Galvanoscatic E 
In the Aba 



TEST ill 


A* hr 

Anode 
Potential 
vs , SCE 

pU 


0 


9 


21 

2.8 

.5.5 


42 

2.8 

3.3 


TEST j!^2 




0 


9 


21 

2.8 

5,3 


42 

2.8 

3.3 


49 

2.8 

2,6 


63 

2.8 

2,3 



Volume of the solution =* 600 m 
Current used 7 A 

2 

Area of the anode = 16 cm 


TABLE 52 

lectrolysis of Urea Solution 
ence of Chloride Ions, Runs 1 and 2 


TKN 

ppm 

Ammonia 

Nitrogen 

ppm 

NO 

ppm N 

TOC 

•ppm 

6220 

0 

- 

2730 

.2690 

1160 

265 

1280 

834 

- 807 

400 

- 170 

1 

1 




6220 

0 

- 

2730 ! 

1 

2450 

967 

240 

i 

1040 

1265 

1210 

600 

90 

1156 

1129 

710 

70 

1128 

1103 

740 

60 


1 

































4.3 ELECTROLYSIS OF ORGANIC SOLUTIONS 

The composicion of the organic solution used for the electrolysis is shown 
in Table 55. Test runs were performed in a beaker, and galvanostatic pro- 
cedure was used for the electrolysis. The volume of the solution used for 
each test run was 600 ml, and the solution was mixed vigorously with a magnetic 
stirrer. The anode was a 107o Rh-Pt wire grid, and the cathode was a 2 mil 
7 cm X 5 cm platinum sheet, 

4.3.1 Electrolysis in the Absence of Chloride 

Two test runs were performed. The current used for Test No. 1 was 7 A and 
for Test No, 2 was 14 A. The temperature of the solution during electrolysis 
was 55*^C for No. 1 and 65°C for No. 2. The anode potential at the beginning 
of electrolysis was 3,5 and 4.2 volts for No. 1 and No. 2 respectively. During 
electrolysis the anode potential decreased and remained essentially constant 
at 2.8 and 3.3 volts for Tests No. 1 and 2 respectively. The results of these 
test runs are shown in Table 56. As seen in the table, complete removal of 
TKN was unable to be obtained during electrolysis. The electrolysis with 
high current had apparently no beneficial effect on the removal of TKN and TOC. 

4.3.2 Electrolysis in the Presence of Chloride 

The electrolysis was done at 7 A, The temperature of the solution during 
electrolysis was 50°-55'^C. The anode potential at the beginning of the 
electrolysis was 3.5 volts, and during electrolysis the potential decreased 
to 2.7 volts and remained essentially constant. The results of this test run 
are shown in Table 57. As seen in the table, all the TKN was removed after 
14 A* hr of electrolysis. The TOC remaining in the solution after 14 A* hr of 
electrolysis was 680 ppm. Further electrolysis, to remove the TOC, resulted 
in the production of perchlorate in large amounts, 

4.4 ELECTROLYSIS OF ORGANIC AMMONIUM SALTS 

The composition of the solutions used for the electrolysis is shown in Table 58. 
Test runs were performed in a beaker, and galvanostatic procedure was used for 
the electrolysis. The volume of the solution used for each test run was 600 ml 
and the solution was mixed vigorously with a magnetic stirrer. The anode was 
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TABLE .55 


Composition of the Organic Solution 

Amount 

Item 

mg/1 

Inorganic Salt 

Sodium Chloride 

8001 

Potassium Choride 

1641 

Potassium Sulfate 

2632 

Magnesium Sulfate 

783 

Magnesium Carbonate 

143 

Potassium Bicarbonate 

663 

Potassium Phosphate 

234 

Calcium Phosphate 

62 

Organic Compounds 

Creatinine 

1504 

Tyrosine 

381 

Creatine 

373 

Glycine 

315 

Phenol 

292 

Histidine 

233 

Imidazole 

143 

Glucose 

156 

Taurine 

138 

Cystine 

96 

Gicrulline 

88 

Lysine 

73 

Amino tsobutyric 

84 

Asparagine 

53 


For solution without chloride ions 8,001 gm of sodium chloride 
was replaced by 9*729 gm of sodium sulfate, and 1.641 gm of 
potassium chloride was replaced by 1.917 gm of potassium sulfate. 
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TABLE. 5 8 

Composition of the Organic Ammonium Salts Solution 


Amount 


Item 

mg/1 

Inorganic Salt 


Sodium Chloride 

8001 

Potassium Chloride 

1641 

Potassium Sulfate 

2632 

Magnesium Sulfate 

783 

Magnesium Carbonate 

143 

Potassium Bicarbonate 

663 

Potassium Phosphate 

234 

Calcium Phosphate 

62 

Organic Ammonium Salts 


Ammonium Hippurate 

1250 

Ammonium Citrate 

756 

Ammonium L. Glutamate 

246 

Ammonium Formate 

88 

Ammonium Oxalate 

37 


For solution without chloride ions 8-001 gm of sodium chloride 
was replaced by 9-729 gm of sodium sulfate, and 1.641 gm of 
potassium chloride was replaced by 1.917 gm of potassium sulfate. 
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107b Rh-Pt wire grid, and the cathode was a 2 mil 7 cm x 5 cm platinum 
sheet. 

4.4.1 Electrolysis in the Absence of Chloride 

The electrolysis was done at 7 A. The temperature of the solution during 
electrolysis was 50°-55°C. The anode potential at the beginning of the 
electrolysis was 3.4 volts, and during electrolysis the potential decreased 
to 2.6 volts and remained essentially constant. The results of this test 
nin are shown in Table 59. As seen in the table, there was no reduction in 
the amount of ammonia nitrogen present in the solution even after 63 A hr of 
electrolysis , 

4.4.2 Electrolysis in the Presence of Chloride 

The electrolysis was done at 7 A. The temperature of the solution during 
electrolysis was 50°-55°C. The anode potential at the beginning of the 
electrolysis was 3.3 volts, and during electrolysis the potential decreased 
to 2,6 volts and remained essentially constant. The results of two test 
runs are shown in Table 60, As seen in the table, all the TKN was removed 
after 7 A hr of electrolysis. TOC remaining in the solution after 7 A hr 
of electrolysis was about 840 ppm. Further electrolysis to remove the TOC 
resulted in the production of perchlorate in large amounts, 

4.5 CHEMICAL OXIDATION 

In order to gain insight into possible mechanisms involved in the electro- 
chemical pretreatment of urine the following tests were carried out on urea 
by chemical oxidizing agents. The results indicated chlorine and hypochlorite 
are possible intermediates in the electrochemical process. In these tests 
a solution containing 13.4 gm of urea per liter and a refrigerated sample of 
urine were used for the test runs. Tests were performed in a beaker, and the 
solution was mixed vigorously with a magnetic stirrer. 
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■ TABLE 60 

TEST n 

Electrolysis of Organic Ammonium Salts 
in the Presence of Chloride 


Anode 
Potential 
vs . SCli 
(V) 


Available 
Chlorine 
ppm Cl 


TEST if2 


0 


- 

7 

5670 



- 

2-6 

7.4 

4250 

8 

1350 

820 

2.6 

7.8 

2760 

90 

3850 

1230 

2.6 

8.4 

1700 

220 

6600 

900 

2.6 

8.4 

1070 

1600 

8300 

320 

2.6 

9.2 

284 

6900 

5800 

210 

2.6 

10.5 

35 

I'^OOO 

1370 

10 


Volume of solution = 600 ml 
Current used = 7 A 

2 

Area of the anode = 16 cm 


TKN 

ppm 


Ammonia 

Nitrogen 


TOC 

ppm 


TKN 

ppm 

Ammonia 

Nitrogen 

NO 

ppm N 

TOC 

ppm 

322 

215 


1000 

0 

0 

3 

1 

835 

j 

0 

0 

J 

2 i 

1 

3A5 

0 

0 


1 i77 

0 

0 

2 

100 


322 

215 


1000 

0 

0 


848 

0 

0 

2 

635 

0 

0 

2 

454 

0 

0 

2 

195 

0 

0 

2 

110 

0 

0 

2 

10 
































4.5.1 Treatment with Sodium Hypochlorite 

fe 

A five percent sodium hypochlorite solution was used for the tests. (Baker 
Analyzed Reagent, J. T. Baker Chemical Company). Before the test runs, 
the sodium hypochlorite solution was analyzed for OCl by the lodometric 
method. The pH of the hypochlorite solution was 12. The hypochlorite 
solution Was added to the test solution from a buret. 

Urea Treatment: A specific volume of sodium hypochlorite solution was added 

to 100 ml of urea solution at a rate of 90 ml per hour (concentration of sodium 
hypochlorite was 0.628 M) . During the test run the temperature of the solution 
was kept between 60°-65*^C and the solution was mixed vigorously with a 
magnetic stirrer. After adding the specific amount of sodium hypochlorite, 
the test solution was analyzed for pH, TKN, ammonia nitrogen, and TOC. Table 61 
and Figure 38 shows the results of treatment of urea solution with different 
amounts of hypochlorite solution. As can be seen, complete removal of TKN 
and TOC from the urea solution was obtained with hypochlorite. 

The following reaction can be considered for the oxidation of urea by 
hypochlorite; 

GON^E^ + 3 NaOCl = CO^ + + 3 NaCl + H 2 O 

According to the above reaction, 1 mole of urea required 3 moles of sodium 
hypochlorite; but the results of the present study show that only 2.44 
moles of NaOCl was used for one mole of urea (calculated from Figure 38); i.e., 
the efficiency of the oxidation was above lOO'X. At present, this discrepancy 
between the theoretical value and the experimental results cannot be explained. 
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Amount 
of TOC in 
the Solution 










TKN AND TOC PRESENT IN 100 ML OF UREA 
SOLUTION VERSUS VOLUME OF HYPOCHLORITE USED 


VOLUME OF SODIUM HYPOCHLORITE SOLUTION (ML) 
(CONCENTRATION OF NAQCL = 0.628 M) 


Fig. 38 TKJf and TOC Hemoval in Urea Solution by Hypochlorite 






Urine treatment . A specific volume of sodium hypochlorite was added to 100 ml 
of urine at a rate of 90 ml per hour (concentration of the sodium hypochlorite 
solution was 0.648 M) . During the addition of sodium hypochlorite, the 
temperature of solution was kept between 60°-65°C and the solution was mixed 
vigorously with a magnetic stirrer. After adding a specific volume of sodiiun 
hypochlorite, the solution was analyzed for pH, TKN, ammonia nitrogen, and 
TOC. 

Depending on the amount of hjrpochlorite added, the color of the urine changed 
to dark brown and then light yellow. Finally the solution became colorless 
after adding approximately 120 ml of hypochlorite solution. Until the solution 
became light yellm^, there was foaming of the solution during the addition of 
hypochlorite to urine. The color change and the foaming of the solution observed 
were similar to that observed during the electrolysis of urine. 

Table 62 and Figure 39 show the results of treatment of urine with different 
amounts of hypochlorite solution. As seen in Table 18 and Figure 39, complete 
removal of TKN from urine was obtained by treating urine with hypochlorite. 

About 457o of the original TOC was present in the solution, even after the 
removal of all TKN. 

If all the TKN present in urine is due to urea, then 693 mg of TKN corresponds 
to 298 mg of TOC. The experimental results shown in Table 62 and Figure 47 
show that when all the TKN present in 100 ml of urine was removed (693 mg of TKN) 
by hypochlorite, 297 mg of TOC was also removed. This result clearly indicates 
that hypochlorite removed all the urea from urine. This is in accordance with 
the test results of treating urea solution with hypochlorite. The efficiency 
for the removal of urea from urine was found to be 89% (calculated from Figure 39, 
assuming all the TKN present in urea was due to urea and one mole of urea 
requires 3 moles of hypochlorite) . The experimental results as shown in Table 62 
show that there was a considerable amount of TOC still in the solution even 
after the removal of TKN. 
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"i 
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I 

LO 


Test 

No. 


Volume of 
NaOCl 
Solution 
Added 
(ml) 

! pH 

1 

! 

1 

TKN 

ppm 

Ammonia 

Nitrogen 

ppm 

r 

Total 
Amount 
of TKN in 
the Solution 
(mg) 

1 

TOC 

ppm 

Total 
Amount 
of TOC in 
tlie Solution 

(ms) 

0 

! 

1 

1 5.6 

6930 

270 

693 

5340 

1 

534 

25 

, 8.4 

i 

4520 

54 

565 

4080 

510 

50 

1 8.5 

2880 

0 

432 

3180 

477 

75 

1 

8.0 

1590 

0 

278 

2190 

383 

100 

1 7.9 

860 

0 

172 

1310 

262 

125 

1 

7.8 

148 

0 

33 

1120 

252 

130 

1 

1 

1 

0 

0 

1 ^ 

1030 

237 


Volume of urine used for each test = 100 ml 
Temperature of the solution = 60°-65® C. 

Concentration of sodium hypochlorite = 0.643 mole/liter 


i 

i 

f 

r 

■i 

j 

5 

4 

t 
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To test whether TOC remained after the removal of TKN by sodium hypochlorite, 
a 175 ml pre -treated urine solution containing zero TKTT and 1030 ppm TOC 
was treated further with sodium hypochlorite. The results of this test run 
are shown in Table 63. Table 64 shows the results of treating a different 
batch of urine with an excess of hypochlorite. The results of this test 
3TUH show that all the TKN from urine can be removed by hypochlorite, and they 
also show there was a considerable amount of TOC still in the solution 
even aft;er the removal of TKN. 
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TABLE Oi- 




¥ 




C:=r 


Treatment of Urine with Sodium Hypochlorite 


4 > 

) 

OJ 

cn 


Test 

No. 


0 

1 

2 

3 


Volume 
of NaOCl 
Added 
(ml) 

pH 

TKN 

ppm 

Total 
Amount 
of TKN in 
the Solution 
(mg) 

TOC 

ppm 

0 

6.2 

7700 

770 

6230 

160 

8.2 

27 

7 

1280 

175 

8.4 

0 

0 

1130 

200 

8.7 

0 

0 

900 



Total 
Amount 
of TOC In 
the Solution 
; (mg) 


628 

333 

311 

270 


Volume of urine used = 100 ml 
Temperature of the solution = 60°“65° C. 

Concentration of sodium hypochlorite = 0.590 mole/liter 


4.5.2 Treatment with Chlorine Gas 

Chlorine gas (Matheson high purity grade) was bubbled through urine in a flask. 
300 ml of urine was used for each test run. The temperature of the solution 
was kept between 60°-65°C, and the solution was mixed vigorously with a 
magnetic stirrer. The solution was analyzed periodically for pH, TKN, 
ammonia nitrogen and TOC. During the passage of chlorine gas through urine, 
the color of urine changed to dark brown and then to light yellow. At the 
beginning there was a considerable amount of foaming, and the foaming stopped 
after passing about 6 liters of chlorine. The results of two test runs are 
shown in Tables 65 and 66. The flow rate of chlorine was 50 ml/min and 
25 ml/min for Test No. 1 and Test No. 2 respectively. As seen in the tables, 
in the initial stage the efficiency for the removal of TKN was more at the 
low flow rate of chlorine. The percentage of TOC removal was also higher 
at the low flow rate of chlorine, e.g. After passing 18 liters of chlorine 
through urine the percentage of TOC removed was 79 and 48 at the flow rate 
of 25 ml/min and 50 ml/min respectively. 

If urea is oxidized by chlorine, the following reaction can be considered for 
the complete oxidation of urea. 

CON^H^ + BCl^ + H^O CO^ + + 6 HCl 

According to the above reaction, 1 mole of urea requires 3 mole of chlorine, 
i.e., 28 gm of TKN require 67.2 liters of chlorine. In the present study 
300 ml of urine contained 2.51 gm of TKN. If all the TKN present in urine 
is due to urea, then the complete removal of 2.51 gm of TKN requires 6 liters 
of chlorine. The results of the present study show that even after passing 
27 liters of chlorine through urine the solution contained about 500 ppm of 
TKN. This TKN, which remained in the solution even after the continued bubbling 
of chlorine, might be due to some refractory compounds which are difficult to 
remove by chlorine gas. 

With chlorine gas, complete removal of TKN from urine was not possible whereas 
with sodium hypochlorite complete removal of TKN from urine was obtained. 

This difference in the activities of sodium hypochlorite and chlorine gas for 
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No. of 
Hrs. 


TABLE 65 

Treatment of Urine with Chlorine, 50 ral/min 


Volume 
of Chlorine 
Passed 
(liter) 


TKN 

ppm 

Ammonia 

Nitrogen 

Pl>m 

8200 

685 

4570 

525 

670 

0 

579 

0 

525 

0 

457 

0 


Volume of urine used = 300 ml 
FlotiT rate of chlorine = 50 ml/min. 
Temperature of the solution = C 





















the removal of TKN from urine might be due to pH differences of the solution. 
When sodium hypochlorite was used, the pH of the solution was always above 7. 
When chlorine gas was used, the pH of the solution became very low and 
reached 0.5. 

Tables 65 and 66 also show that even after the removal of most of TKN from 
urine, there was considerable amount of TOC present in the solution. Thus, 
like sodium hypochlorite, chlorine gas is not efficient for the removal of 
TOC from urine. 

4.5.3 Treatment with Ozone 

Ozone is known to be a powerful oxidizing agent. Treatment with ozone can 
give insight into potential performance of oxygen forming electrodes. 
Additional ozone treatment of pretreated urine, in which TKN has been 
reduced to zero, may further reduce the remaining TOC. 

Urine Treatment; 

Ozonized oxygen was used for the study. Ozonization of oxygen was accomplish- 
ed by silent electric discharge in a glass tube with double walls. Extra dry 
oxygen was used for ozonization. The concentration of ozone in the ozonized 
ojqrgen was determined by the lodometric method. 

The ozonized oxygen was bubbled through urine in a flask. 200 ml of urine 
was used for the test run. The temperature of the solution was kept between 
60°-65°C, and the solution was mixed vigorously with a magnetic stirrer. The 
solution was analyzed periodically for pH, TKN, ammonia nitrogen and TOC. The 
concentration of ozone at the inlet and outlet was also analyzed periodically 
for pH, TKN, ammonia nitrogen and TOC. The concentration of ozone at the 
inlet and outlet was also analyzed periodically. 
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During the passage of ozonized oxygen through urine, the color of urine changed 
to dark "brown and then to light yellow. Finally the solution became colorless 
after passing about I.7 gm of ozone. At the beginning there was considerable 
foaming, and the foaming stopped when the solution became colorless. Tables 67 
and 6 8 show the results of test runs at a flow rate of ozonized oxygen of 
100 ml/min and 50 ml/min respectively. As seen in the tables most of the TKFT 
remained in the solution even after passing ozone for 55 hours. Since the TKN 
present in urine is mainly due to urea, the abr' e results show that urea 
was not oxidized by ozone. If urea is oxidized by ozone, the following reaction 
can be considered for its oxidation. 

CONgHi^ + 3 O^— ^COg + + 2 HgO + 3 Og 

According to the above reaction 1 mole of urea requires 3 moles of ozone, 
i,e., 28 gm of TKU requires Xkh grams of ozone. In the present study, 200 ml 
of urine contained 1.688 go of TKM". This requires 8.681 grams of ozone for 
complete removal of TKi!T. But experimental results show that even after passing 
18.7 grams of ozone, 1-3^ grams of TKU remained in the solution. This 
result clearly indicates that ozone is not oxidizing urea. 

The results also show that ozone does not remove aimnonia nitrogen. The results 
in Table 67 show about 51?^ of IOC present in urine was removed by ozone. This 
indicates that ozone removes organic compounds present in urine other than urea. 
The results shown, in Table 68 indicate that a low flow rate of ozonized oxygen 
has no beneficial effect on the removal of TKN and TOC from urine. 

Pre -electrolyzed urine treatment; 

The purpose of this investigation was to determine whether the TOC remaining 
in the p re treated urine (after most of the TKN has been removed) can be 
removed by ozonized oxygen. The first task was to prepare pre -electrolyzed 
urine . 
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Ho. of 
Hrs. 

Amount 
of Ozone 
Passed 
(git) 

pH 

TlOi 

ppm 

Ammonia 

Nitrogen 

ppm 

TOC 

ppm 

0 

0 

6.2 

8440 

215 

6400 

5 

1.7 

5.4 

8170 

296 

6200 

11 

3.7 

5.7 

7480 

296 

5050 

17 1 

5.8 

6.1 

7480 

510 

4780 

25 

8.3 

6.5 

6820 

403 

4620 

33 

11.2 

6.6 

6820 

537 

4270 

41 

13.9 

6.7 

6820 

590 

3510 

47 

16.0 

6.7 

6820 

537 

3500 

55- 

18.7 

6.8 

6820 

645 

3100 


Volume of urine used = 200 ml 

Flow rate of ozonized oxygen = 100 ml/min. 

Concentration of ozone = 56.6 mg/liter of ozonized oxygen 
Flow rate of ozone = 340 mg/hr. 

Temperature of the solution = 60°-65“ C* 
















Two different stock solutions of pre-electrolyzed urine was obtained by 
electrolyzing two different batches of urine until most of the TKN had been 
removed. One and one half liter of urine was used for the electrolysis. 

The test run was performed in a beaker, and galvanostatic procedure was 
used for the electrolysis. The anode was 10% Rh-Pt wire grid and the cathode 
was a 2 mil 7 cm x 5 cm platinum sheet. The electrolysis was done at 10 A. 

The temperature of the solution during electrolysis was 60^-65°C and the 
solution was mixed vigorously with a magnetic stirrer. The anode potential 
during electrolysis was 2.7 volts. The progress of the electrolysis was 
monitored by analyzing the solution periodically for pH, TKN, Cl . Table 69 
shows the results of pre-electrolysis or urine. One batch of pre-electrolyzed 
urine contained 290 ppm of TKN and 1360 ppm of TOC while the other batch con- 
tained zero ppm of TKN and 890 ppm of TOC, 

The next step was treatment of this urine with ozone. 200 ml of pre- 
electrolyzed urine and ozonised oxygen were used for this study. 

The experimental procedure used was the same as that described earlier. The 
ozonized oxygen was bubbled through pre-electrolyzed urine in a flask. The 
flow rate of ozonized oxygen was 100 ml/min. The temperature of the solution 
was kept between 60°-65°C., and the solution was mixed vigorously with a 
magnetic stirrer. The solution was analyzed periodically for pH, TKN and 
TOC. The concentration of ozone at the inlet and the outlet was also analyzed 
periodically. The results of the treatment of the two batches of pre- 
electrolyzed urine are shown in Table 70 and 71, As seen in the tables, 
only a small amount of TOC was removed by ozone even after passing 7.5 gm of ozone 

4.6 MECHANISMS STUDY - RESULTS SUMMARY 

The following overall conclusions can be made from the studies of electrolysis 

of urine and its possible mechanisms, 

o Anode/ cathode membrane separators have apparently very little 
effect on the formation of perchlorate and on the removal of 
TKN and TOC during electrolysis of urine. 
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TABLE 70 

Treatment of Pre-electroly zed Urine with Ozone, 193 mg/hr 







No . of 

Amount 
of Ozone 
Passed 


TKN 

TOC 

Hours 

(gm) 

pH 

ppm 

ppm 

0 

0 

3,6 

290 

1360 

7 

1.3 

3.6 

290 

1330 

14 

2.6 

3.6 

290 

1330 

22 

1 

4.2 

3.6 

290 

1150 


•V O 

8 § 
» > 

o 

Sh 

^o3 


Volume of pre-electrolyzed urine = 200 ml 

Flow race of ozonized oxygen = 100 ml/min 

Concentration of ozone = 32.1 mg/liter of ozonized oxygen 

Flow rate of ozone = 193 tng/hr 

Temperature of the solution - 60“-65'' u. 
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TABLE .71 

Treatment of Pre-elec trolyzed Urine with Ozone » 179 mg/hr 


No . of 
Hours 

Amount 
of Ozone 
Passed 
Cgm) 

pH 

TKN 

ppm 

TOC 

ppm 

0 

0 

6.6 

0 

830 

14 

2.5 

6.6 

0 

730 

29 

5,2 

6.6 

0 

720 

42 

7.5 

6.6 

0 

630 


Volume of pre-elec trolyzed urine = 200 ml 
Flow rate of ozonized oxygen = 100 ml/min 
Concentration of ozone - 29.8 mg/liter of ozonized oxygen 
Flow rate of ozone = 179 mg/hr 
Temperature of the solution = 60®-65‘‘ C. 















o 


If an anode/cathode membrane separator is used for the electrolysis 
or urine, the membrane may be fouled by the deposition of cal- 
cium and magnesium present in the urine as calcium hydroxide and 
magnesium hydroxide on the membrane during electrolysis, 

o A two-stage current operation for the electrolysis of urine (high 
and low current electrolysis) can be used for the removal of 
TKN and TOC with minimum perchlorate formation. However in a 
recirculating system for the electrolysis of urine, high 
temperature of the solution (in the present study between 
55°C and 65^0) was necessary for the first stage electrolysis 
to obtain complete removal of TKN. 

o During electrolysis of urea in the absence of chloride, ammonium 
salts are formed, and it is difficult to remove these ammonium 
salts by electrolysis. 

o The results of the electrolysis of organic solutions with and 
without chloride show that the presence of chloride is essential 
for the complete removal of TKN. 

o Complete oxidation of urea is possible by sodium hypochlorite. 

o On treating urine with sodium hypochlorite, all the TKN can be 
removed. 

o Complete removal of TOC from urine is not possible by treating 
urine with hypoclorite. 

o The results of treating urine with ozone clearly indicates that 
the removal of TKN cannot be accomplished by ozone. 

o The results show that it is very difficult to remove the 
TOC remaining in the pre-electro lyzed urine by ozone. 
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Section 5 

ULTRAVIOLET -ASSISTED ELECTROLYSIS OF URINE 


In the early part of 1976, Winkler ^ suggested that ultraviolet (UV) 
radiation and possibly ozone additions may assist in the electrolytic 
purification of urine. Expectations were sustained by favorable reports 
which described the removal of trace organic contaminants from water 


5.1 LAB-SCALE TESTS 

Pursuant to this suggestion, an exploratory program was organized. 
Experiments were conducted in a laboratory-scale, quartz reaction vessel 
in which human urine was being electrolyzed. The system was subjected to 
variations in sequence of UV exposure and geometry, and to a change in 
anode catalyst. 


In short, effects were sought for the following conditional variations 
in the original electrolysis process: 

o Continuous UV exposure of typical Pt/Rh anode 

o Continuous UV exposure of Electrode Corporation anode, 
an oxygen producing anode in saline solution (with 
anticipated ozone formation) 

o UV exposure of Pt/Rh anode only after most organics 
oxidized (to remove traces) 

o UV exposure to Pt/Rh anode after most organics oxidized 

(to remove traces) but for a longer time, i.e,, at lower current 


(13) 

E. Winkler, ECS, NASA Johnson Space Center, Private Communication, April 1976. 

(14) 

' J. R. Moyer and C. S. Pairmelee, Eng^g Bulletin of Purdue University 

Eng’g Extension Series 141, Proceedings of the 27th Waste Conference, May 1972. 

R. Moyer, U.S. Patent 3,839,169, October 1, 1974, 

/i 

D. Zeff, R. Barton, and L. H. Reuter, Society of Automotive Engineers, 
Intersoc, Conference on Environmental Systems, Seattle, Washington, 

July 1974, Reprint No. 740927. 
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o UV exposure of electrolyte only, after r.ost organics 
oxidized. 

Primarily, the objective was to find if direct UV exposure helped the 
anodic oxidation. Further, it was suspected that a special, oxygen- 
producing anode might form ozone in situ, and an Electrode Corporation 
anode was thus tried. This latter treatment was found not to assist 
in the oxidation. However, favorable results were obtained with UV 
exposure of Pt/Rh anodes, and this led to experiments in which only 
the electrolyte was exposure to UV (a design advantage) and in which UV 
was used only during the trade removal portion of the process (an energy 
advantage), i.e., after most of the TOC and TKN were removed. Results 
were again favorable, and the collected data helped in the design of a 
pilot-scale. UV-assisted electrolytic pretreatment cell, described in 
another section of this report. 

In this section, the preliminary evaluation of the UV-assisted electrolysis 
test program is described and documented in some detail, A description is 
given of the experimental apparatus and test procedures, and the results 
are given together with conclusions based on the work. 

5.1.1 Experimental Apparatus 

The apparatus consisted of an electrolytic cell, a UV source and housing, 
a power source and associated instrumentation for sensing cell temperature, 
voltage, and current, as shown in Figures 40 through 42. 

The cell was made from General Electric's clear fused quartz. No. 204, 

and was 3.5 x 3.5 x 13.0 cm in overall dimensions with a 0.15 cm wall thicknes 

A thermocouple was attached to the cell wall (exterior) to monitor temperature 

A Pt/107o Rh anode was normally used, constructed from 10 mil wire spot 

welded together to form a 3.4 x 4.0 cm grid, as shown in Figure 43. 

2 

The anode had an estimated area of 70.9 cm . The anode grid was placed 
flush against the cell's wall and the uv radiation directed at the anode 
wall to minimize absorption of UV in the urine and to maximize anode exposure 
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Figure 42 Electrolytic Cell and UV Lamp 
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area. A 60 x 60 mesh Pt screen was used for che cathode, having two layers 
fitted into a 3.4 x 6.0 cm shape. 

For electrolyses in which the UV radiation directly impinged only on the 
electrolyte, the same quartz cell was masked externally with aluminum foil 
so that only a 1,2 x 6.0 an slot of quartz wall exposed between the electrodes. 
The UV radiation thus passed through the slot and cell between the masked 
electrodes located at opposite walls masked by the foil. There was no 
direct impingement of UV on the electrode. 

In experiments requiring an oxygen evolving electrode in brine solutions, 

a portion of proprietary electrode No. 5268, was used supplied by Electrode 

Corporation, Chardon, Ohio, as shown in Figure 43. After masking the 

exposed base metal (after cutting) with Silastic 732 RTV silicone rubber, 

2 

Dow Coming Corporation, this anode had an estimated area of 7.85 cm . 

For the maximum current of LA in these experiments this is considered to 

be adequate area if it is compared to the original anodes used in the 

2 

pilot-scale tests which had 90 cm for currents of 18 to 12 amps. In 
Figure 44, the polarization/current density dependences are compared for 
electrode No. 5268 and Pt/107o Rh in artificial urine. No. 5268 displays 
less polarization which probably accounts for its lack of chlorine evolu- 
tion which is favored at higher over potentials. 

The UV lamp was a mercury capillary lamp, using 1 KVA or 1.4 A at 700 V, 
from Illumination Industries, Inc., Sunnyvale, California, Lamp No. C-1, 

in a quartz, water cooling jacket. Power output was 65,000 Lumens or 700 mW 

_2 

cm of UV (2000 to 4000 A) at 7.0 cm or 20 equivalent UV suns. The cell 
was always positioned 7.0 cm from the lamp, as shown in Figures 45 and 46. 
During a run, a metal housing with cooling fan were placed over the cell 
and lamp to protect personnel from the radiation, see Figure 41. 

ORIGINAL PAGE IS 
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POLARIZATION (VOLTS) 



Figure 44 Current-Potential Relation In Real Urine tor Electrode CORPN's 
Oxygen Evolving Electrode 

















ABSORBANCE 
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The merits of various UV sources and equipment are discussed in the 
literature^^^ ’ We found that urine absorbs UV radiation quite 

strongly and compare sample spectra of 100, 25, and 4 percent urine 
solutions in distilled water in Figure 45. 

5.1.2 Experimental Procedure 

Samples of 100 cc of raw urine were removed from a batch of several liters 
collected from several contributors during the day. TKN of the mixed batch 
was measured before a run. The ampere-hours required for complete TKN 
removal was calcula ted based on an average value derived from examinations 
of eight previous electrolytic treatments for which good TKN/A-h data were 
available. This value was 114 A-h for each 1000 cc of urine for a TKN 
of 10,000 ppm. 

After electrolysis was started, 5 cc samples were removed at intervals 
corresponding to 80, 100, 120, 140, 160, and 200 percent of the calculated 
required ampere-hours (theoretical) to complete ciidation. Samples were 
analyzed for TOC, ClO^, and pH, and in the last four experiments absorption 
spectra were obtained. After each sampling evaporation losses were made 
up with additions of distilled water. The cell maintained at 80 + 4°C 
by adjusting the speed of the cooling fan on the UV housing with a rheostat. 
Heating was provided by the UV lamp. Electrolyses were conducted at 1 A, 
except for one experiment when 1/4 A was used to prolong UV exposure, and a 
total of 200% of the calculated required A-lv was always applied. Cell voltage 
was generally 6.0 + 1.0 volts. 


(17) 

L. R. Koller, "Ultraviolet Radiation", 2nd Edition, John Wiley and 
Sons, New York, 1965. 

R. Nagy, Am. Industrial Hygiene Journal, 25, 274 (1951). 
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A typical schedule followed for electrolysis is given in Table 22 for 
a 100 cc specimen with an initial TKN of 6880 ppm. A correction for 
the electrolysis time had to be made because the sampling substantially 
reduced the volume of urine remaining in the reaction vessel. 


TABLE 72 

CALCULATED TIMES AT WHICH 5 CC SAMPLES REMOVED FOR AN INITIAL 

RKN OF 6880 PPM 
(Typical Calculation Format) 


Time 


% of 

Volume of 


Corrected 

Required 

Remaining Spec- 

Ideal Time 

for Volume 

(A-h) 

imen (cc) 

(h) 

(Change h) 

80 

100 

5.50 

5.50 

100 

95 

6.88 

6.81 

120 

90 

8.26 

8.05 

140 

85 

9.63 

9.22 

160 

80 

11.01 

10.32 

200 

75 

13.76 

12.38 


In Table 73 are given the various procedural schemes followed as the UV 
experimental program progressed together with the reasons for each scheme. 
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TABLE 73 


OUTLINE OF PROCEDURES FOLLOWED IN THE UV EXPERIMENTAL PROGRAM 


Experiment 

PeslRnatlon Procedure Followed Purpose of Experiment 


A 


B 


C 


D 


E 


F 


G 


Continuous UV exposure through- 
out electrolysis, Pt/ Rh 
anode . 

Continuous UV exposure through- 
out electrolysis. Electrode 
Corp. anode which produces 
0^ in saline solutions. 


Repeat of Experiment A, but 
with a lighter initial TKN 
and TOC. 

No UV exposure until 1207o of 
theoretical A-h passed. 


No UV exposure until 120% of 
theoretical A-h passed, but 
now with current reduced from 
lA to 0.25A. 

Controlled blank run, no UV. 

Direct UV exposure of 
electrolyte only with masked 
electrodes, after 120% of 
theoretical A-h passed. 


To determine if UV 
exposure affects extent 
of oxidation during 
electrolysis 

To determine if a known 
oxygen-producing anode, 
when exposed to UV 
radiation, will be more 
effective in electrolytic 
oxidation of urine, per- 
haps by ozone intermediate. 

To determine effects of UV 
at lower, more typical TKN 
and TOC. 

To determine if UV 
assist is effective in 
oxidizing the difficulty 
to remove last traces of 
TOC. 

To determine if prolonged 
exposure to UV assists in 
electrolytic oxidation of 
last traces of TOC. 

To better compare effects 
with and without UV 
exposure . 

To determine if direct 
exposure of anode to UV 
is not necessary so that 
subsequent design could be 
simplified. 


OIUGINA^- 
QF POOR 
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5.1.3 l.!perimental Results and Discussion 

The results of the experimental program are given in Table 7A and in Figures 
47 through 49 which have the spectra for Experiments D through G. 

The spectra are of interest because they show the removal of traces of 
organic compounds by the sharp decrease in absorbance in the 2400 to 
2800 A region. In this region, organic and nitrogen-organic compounds 
absorb strongly. When the spectmm of the black run, Experiment F, is 
examined and compared with the other runs for samples collected after 
subjection to more than 1207 q of the theoretical A-h's, the advantage of 
the UV-assist is clear. In experiments D, E, and G, the last three samples 
which were taken after UV radiation had very low absorbances compared to 
the blank run (F) , whereas before UV radiation their absorbances were as 
high as the blank runs. 

In Table 74 the analyses indicate a clear advantage with UV radiation 
in trace organic removal, resulting in some of the lowest TOC levels 
obtained in this laboratory, e.g., down to 8 ppm in Experiment D. Generally 
TOC levels were lowered from a typical 250 ppm to 10 to 20 ppm with UV. 
Furthermore, the advantage is carried even when electrolysis and radiation 
are decoupled, i.e., when only the electrolyte receives the direct UV. 

There does not appear to be an advantage with continuous radiation, accord- 
ing to the analyses, and UV radiation is effective in the removal of traces 
of organic compounds when it is applied after most of the organics are 
electro lytically removed. 

The basis for the time data in Table 74 is as follows: For time equals 

1.0 the supplied current is 114 A-hr/ liter/ 10, 000 ppm initial TKN. Thus, 

for Runs A&B the elapsed times are 5.5, 6.81, 8.05, 9,22, 10.32 and 12.38 hours, 

and for runs C through F the times are 3.44, 4.26, 5.03, 5.76, 6.45, and 

7.74 hours. In Table 75 we summarize the results in attaining the objectives 

of this work. The objectives were previously given in Table 73. 
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U + uv 


7350 
3300 
1790 
738 
210 
86 
38 

lA + UV 7350 

5700 
5900 
5800 
5950 
6150 
5500 


lA + UV 3300 

1170 5.7 

750 2.4 

292 1.4 

61 1.7 

31 2.0 1 

15 2,4 2 






TABLE 74 (continued) 


Normalized 


Run Sample Time 

D 0 0 

1 .8 

2 1.0 

3 1.2 

4 1.4 

5 1.6 

6 2.0 

E 0 0 

1 8 

2 1.0 

3 1.2 

4 1.4 

5 1.6 

6 2.0 

F 0 0 

1 .8 

2 1.0 

3 1.2 

4 1,4 

5 1.6 

6 2.0 


Procedure 

TOC 

pH 

-^ 04 - 

U + No UV 





650 

2.4 

75 


470 

2.9 

96 


299 

3.3 

100 

U + UV 

64 

4.7 

130 


13 

5.8 

150 


8 

6.2 

180 

U No UV 





660 

2.3 

96 


490 

2.5 

100 


314 

3.1 

110 

. 25A + UV 

13 

2.4 

110 


10 

2.5 

120 


1.0 

6.4 

140 

lA No UV 

2400 




690 

4.2 

100 


600 

1.9 

96 


373 

2.2 

100 


301 

2.9 

120 


248 

2,7 

140 


203 

3.0 

180 


5-16 


TABLE 74 (continued) 


Normalized 

Run Sample Time Procedure 


0 

0 

U + 

No UV 

5540 



1 

.8 



1870 

6.3 

96 

2 

1.0 



1140 

3.5 

110 

3 

1.2 



945 

1.6 

130 

4 

1.4 



323 

1.8 

160 

5 

1.6 

u + 

indirect 

UV 68 

2.1 

250 

6 

2.0 



20 

2.3 

1500 


0 Runs 

A 

& 

B Raw Urine 

TOC = 
TKN =* 

9523 ppm 
6880 

0 Runs 

C' 

-F 

Raw Urine 

TOC = 
TKN = 

5000 

4300 


o Run B oxygen forming electrode from Electrode Corp., 
all others Pt/Rh were electrode. 

o Normalized Time indicates fraction of total A-h calculated 
to be required to electrolyze TKN. 


o Run G Raw Urine 


TOC = 5540 
7105 


xinvnf* Hooj JO 

5, 'ivsiorao— absorbance 
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Figure 48 Run F AbsorpLlon Spectrum for l,ast Six Samples 
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TABLE 75 Conclusions of the UV Experimental Testing 
(Attainment of Objectives in Table 73) 


Experiment 

Designation Experimental Results or Conclusions 

A UV radiation has definite advantage in assisting electrolysis 

to remove last traces of organic compounds, e.g., below ca. 

300 ppm. No observable effect in initial electrolytic oxidation 
of raw urine, e.g., TOC above ca. 300 ppm. 

B Electrode Corporation's electrode No. 5268 together with 

UV radiation were ineffective in removing TOC. 

C Same results as with Experiment A except that TOC was 

reduced more quickly when initial TKN and TOC values 
were lower . 

D UV-assist determined to be useful in removing trace organics 

when applied only after TOC levels reduced to ca. 330 ppm, 
i.e., after 1207o A-h application. 

E Increasing the time of exposure to UV by decreasing current 

for the same A-h, after 120% A-h application, appears to 
cause the TOC level to drop more quickly with respect to 
A-h's passed. 

F The blank runs supplied a basis to clearly indicate that UV 

assist has a beneficial effect in removing last traces of 
TOC, but practically no effect in removing higher con- 
centrations, above ca. 300 ppm. 

G UV-radiation is effective, as indicated, even when the 

electrolyte only is irradiated, i.e., decoupling of electrolysis 
and irradiation is possible. 


5.1.4 Conclusions 

The principal conclusions of this section are summarized as follows: 

1) The oxygen electrode was not effective (Run B) . 

2) Low TOC levels are possible using UV radiation. 

3) A low final TOC is not possible without UV radiation (Run F) . 

4) UV is not necessary early in the process but its most significant 
effect occurs after 90% of TOC has been removed. 

5) Improved efficiency is possible at lower current levels toward 
the end of the process. 

6) UV absorbance may be a possible control parameter for activation 
of the light source and current reduction. 

7) To be effective, UV impingement on the anode is not required. 

The electrolyte can be irradiated some distance away. 


5.2 SYSTEM TESTS 


This test series was initiated to establish the effectiveness of 
ultraviolet light treatment of urine when used in conjunction with 
electrolysis. 

The basic system configuration was identical to that described in 
the "Single Cell Tests" section except as modified to incorporate 
ultraviolet treatment. This modification consisted of a plumbing 
alteration to take the urine from the electrolysis cell thru a quartz 
coil which encircled the UV la.ap. Figures 50 , 51, 52 , 52 , and 54 

show the arrangement. Figure 50 shows the front side of the setup 
with power supply, control box, and heater and pump control variances. 
Figure 51 shows a side view with the UV power supply on the left and 
the urine circulating pump and digital voltmeter on the right. Figure 52 
is a rear view which shows the UV equipment consisting of a deionizing 
tank, reservoir, circulating pump, heat exchanger with flowmeter and 
cover box for the lamp with cooling fan. Figure 53 shows the internal 
assembly with the cover box removed. Figure 54 is a closeup of the 
quartz coil and lamp. 

Three tests were run on the single cell test set up to evaluate the 
effect of using UV activation in a large scale system. A single batch 
of urine was collected and was used for each of these tests to provide 
a common basis for comparisons. The TOC of the raw urine was 5700 mg/1. 
The three tests were: 

o Test 1 Baseline run/no UV activation 

o Test 2 UV activation throughout run 

o Test 3 UV activation at end of run 


5-23 


ORIGINAL PAGL IS 
OF POOR QUALITY 



Figure 50 Urine Pretreatment Test Configuration 
Front View 


Figure 51 Urine Pretreatment Test Configuration 
Side View 
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Figure 54 Quartz Coil and UV Lamp 
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Figure 53 Rear View with UV Cover 
Box Removed 


Figure 52 Rear View with UV Equipment 




The TOC and time data for these runs are presented in Tables 76 
through 78. In order to provide a comparison between the runs, 
the time was adjusted to a basis of 1 liter of fluid processed. This 
was necessary as there were differences in starting system fluid content 
and as a result total TOC. As the unit was run at a constant current of 
6 amps and TOC removal should be proportional to amp hours, dividing the 
time by mean system volume provides a valid comparison. 


The baseline run. Test 1, showed a significant loss in evaporation and 
leakage. Thus, its results are considered unreliable. However, Test 3 
was run for 25 hours without the light source and thus this part of the 
test 3 data can be considered as the baseline. The results of test 2 show 
a slight improvement in performance, over the baseline, up to the point 
the light is turned on. However, the differences are not great and 
certainly do not justify the use of the OT source. Further, early in 
Test 2 fluid was lost from the system and a portion then returned in dilute 
form. This could account for a portion of the observed differences. 

Comparison of the end point TOC of all three runs is also instructive. 

At the end of run 1 the lower level of TOC was about 200 mg/1. This was 
after considerable processing of a diminished system volume. In 
tests 2 and 3 the lower limits of TOC were about 150 and 100 mg/1 

respectively. This shows that only a small potential improvement in ^ 

TOC is possible with UV irradiation. This is not sufficiently significant 
to justify its use. Further, comparing tests 2 and 3 from the corrected 
time that irradiation was started in Test 3 on, little improvement 
in the rate of reduction is observed. In summary, the results of OT 
irradiation in the single cell system showed only a minimal improvement 
in the lower limit of TOC and did not reduce levels to near aero as in the 

beaker tests . 

Non-optimum cell and/or light source configurations and process conditions 
may be postulated as the reason for the inconsistency between the beaker 
and cell test results. The actual cause was not determined and remains 

unresolved. 5-26 • 


TABLE 76 


UV IRRADIATION - DATA FOR SINGLE CELL TEST 
Test 1 


Time/ 

Hr 

TOC 3 

mg/m 

Corr Time* 
Hr 

3 

4551 

2 

4 

4346 

2.67 

5 

4140 

3.33 

7 

3760 

4.67 

10 

2950 

6.67 

17 

1500 

11.33 

19 

1165 

12.67 

22 

533 

14.67 

26 

222 

17.33 

27 

171 

18 

*Based on 

system volume of 1.51 initial volume 

1700 cc final 


NOTE: Significant fluid loss through leakage. 


' ) 






cc 
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TABLE 77 


UV IRRADIATION - DATA FOR SINGLE CELL TEST 
Test 2 


Time/ 


TOC 2 

Corr Time* 

Hr 


mg/m 

Hr 

5 


3675 

3.125 

9.5 


2457 

5.94 

10 


1932 

6.25 

14 


955 

8.75 

18 


462 

11.25 

20 


231 

12.5 

22 


206 

13.75 

25 


162 

15.625 

26 


137 

16.25 

*Based on cell 

volume of 1. 

.61 


o Initial value 1950-250 loss 
0 Final volume 1140 


NOTE: Minimum leakage from system. 
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TABLE 78 



UV IRRADIATION - DATA FOR SINGLE 
Test 3 

CELL TEST 

Time/ 

TOC ^ 

Corr Time* 

Hr 

mg/m 

Hr 

5 

4030 

2.7 

10 

2930 

5.4 

14 

2050 

7.57 

16 

1610 

8.65 

18 

1250 

9.73 

20 

920 

10.81 

22 

615 

11.89 

25 

190 

13.51 

30 

84 

16.22 

*Based 

on cell volume of 1.851 



o Initial volume 1900 cc 
o Final volume 1420 cc 


NOTE; UV on at 25 hours 

no leakage from system 
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Section 6 

CONCLUSIONS AND RECOMMENDATIONS 


6.1 CONCLUSIONS 

The objectives of this program were successfully met. The previously 
identified problems associated with the electrolytic pretreatment of urine, 
i.e., electrode corrosion and perchlorate formation, were overcome. A 107» 
Rh-Pt alloy was identified and demonstrated to be a suitable and material; 
black platinum was found to be an effective cathode material. 

Process conditions that minimize perchlorate formation, i.e., elevated 
temperature and high-low current operation, were established. The reaction 
mechanisms were elucidated with the result that it became clear that 
electrolytic pretreatment is only effective to the point where the TKN 
is removed. 

A preliminary trade study indicated that electrolytic pretreatment to the 
point of TKN = 0 coupled with vapor compression distillation (VCD) post- 
treatment is a competitive concept for potable water recovery from urine. 

6 . 2 RECOMjMENDAT IONS 

This program has clearly demonstrated the feasibility of the electrolytic 
urine pretreatment concept and has solved the major problems that plagued 
previous investigators. If this process is to be further advanced, the 
following normal progression of development should be pursued. 

o Optimization of cell design to minimize IR losses and reduce 
power requirements. 

o Develop and test preprototype ancillary components, e.g., phase 
separator, heat exchanger, reservoir. 
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o Develop a preprototype full-scale subsystem and perform integrated 
testing with a VCD subsystem. 

o Project flight system total equivalent weight from the above and 
conduct a trade study versus alternate approaches at the same level 
of development and determine whether to proceed with their development. 
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A significant portion of the preliminary literature survey was- — 
-report 9 e— in the original proposal submitted to ^JASA.' These yaper'S' 
_ar^jp.resent.e(i • ^_the first ’secSion of. .this A.ppencUx. These papers 

’^■ere" re-examined and led to other relevant works. For example,- 

receot studies by Marincic and Leitz (L. L, Marincic and F. B. Leitz 

"The Electro-oxidation of Ammonia in Sewage to Nitrogen" U. S. EPA 

Report #17010 EED) on the oxidation of ammonia in sewage have revealed 

that platinized-platinum is an excellent catalyst for the complete 

oxidation -to nitrogen.’ The use of the platinized platinum surface for 

the avoidance of perchlorate as proposed for the present study will 

thus hopefully also accomplish a desire expressed by NASA to oxidize 

ammonia in urea directly to nitrogen. 

A literature search for techniques to produce the desired electrode 
surfaces and catalytic powders such as platinized platinum, iridium 
black, rhodium, etc. has resulted in a series of formulations and 
methods which will be investigated later. 

For an in-depth literature search of the entire subject of interest 
the LMSC Technical Information Center using the on-line interactive 
DIALOG reference retrieval system -^^3 instructed to search the 
following key statements. 

chloride (ion) - electrolysis 
chlorate (ion) - electrolysis 
hypochlorite - electrolysis 
perchlorate - electrochemical production 


I 



iv» 


chloride Ion oxidation 
hypochlorite ion oxidation 
chlorate ion oxidation 
urine analysis 

/ 

urine electrolysis 
urine pretreatment 
urine electrochemistry 
electrodialysis - urine 
nitrate in urine 
nitrite in urine 

electrochemical water recovery from urine 

nitrate analysis 

nitrite analysis 

urine pretreatment electrodes 

nitrate electrochemistry (aqueous) 

nitrite electrochemistry (aqueous) 
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AND FECES) 

A/BROHN, L, R. ; B/KENNEDY, M. V.; C/TISCHER, R 
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APPENDIX C 

CHEMICAL CHAEACTERIZATION 




CHEMICAL CHARACTERIZATION 


The chefiiical analysis carried oui in the screening of electrodes and 
single cell tests were sufficient to define the optimum electrode and 
mode of cell operation. During these tests it hecame apparent that the 
electrochemical pretreatment process was efficient at oxidizing urea and 
other organic nitrogen compounds. However the process efficiency rapidly 
fell off after the removal of urea. Indeed, achievement of complete destruction 
of TOC was not possible in the single cell system. 

The electrolytic pretreatment process must necessarily he followed by 
a process which removes the inorganic salt content as a part of a water 
reclamation system. It appears that stopping electrochemical pretreatment 
process at the point at which the efficiency starts to fall off has merit 
in that the residual organic material may readily be removed by the subsequent 
process step. Furthermore, residual organic material in the waste will be much 
more stable with the organic nitrogen compounds removed. Accordingly, two 
runs were made in which individual batches of urine were treated electrolytically 
to reduce TKN to near zero. Then, a detailed chemical analysis was made of 
the process liquid. These data can be used in subsequent analytical evaluations 
of the feasibil7lty and desirability of the process. In this section of the 
report, the process runs and resultant data are presented. 

Sample Preparation 

Two samples were prepared in the test system described in the section on 
SINGLE CELL TESTS. The electrode configuration used was the 10^ Rh-Pt wire 
electrode. The reservoir was not filled with any catalyst or packing. In 
each run 1.5 liters of fresh urine was used. A trace of antifoam was used 
to prevent foaming and the runs were carried out at 80 C . 

During each of these runs samples were taken from chemical analysis to 

track the runs. Data taken during the runs are presented in Figures Cl and C2. 
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At the completion of Run 1, the residual liquid in the cell and reservoir 
was collected and saved for analysis. The residual liquid in the heat 
exchanger was saved in a separate container. The residual sample from 
Run 2 was combined in a single sample bottle. 

Test Results 

EPC Run 1. - The samples from EPC Run 1 were split into a reservoir sample 
a reservoir filtrate sample, and a heat exchange solids sample. As the 
liquid circulated through the system, it was assumed that filtered reservoir 
sample would be representative of all the liquid in the system. In each sample 
there were solids present. The heat exchanger sample had the largest amount 
of solids. Thus, this sample was filtered and the solids saved for analysis. 
Table Cl presents data on TOC, TC and an estimate of volatile organics found 
in the sample. The data indicate that in the process of filtration some 
UO-50 mg/l or volatile organics are lost. Correcting the results of the 
unfiltered samples by this quantity it seems that little organic material 
is associated with the solid material. An analysis of the major inorganic 
constituents in the liquid is presented in Table C2 The procedures used 
In analysis are similar to those described in the section SINGLE CELL TESTS. 

It is noted th.at C1D|^ and CIjO^^ both undesirable reaction products, are low. 

The TKN data is hi^er than desired. This is due to stopping the process 
slightly earlier than desired. The possible sources of the metals noted 
are given below . 

o Platinum - anode and cathode 
o Rhodium - anode 

o Nickel - cathode screen and heat exchanger 
o Chromium - heat exchanger 
o Iron - heat exchanger 

The value of the platinum indicates some attack. However, it is not 
sufficiently large to present a problem. An emission analysis of the filtered 
solids showed constituents picked up from the system and trace constituents 
in urine. 
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Table Cl 

EPC Run 1 - TOC & TC Data 


Reservoir 


Original Urine 

Reservoir 

Filtrate 

HX 

mg /1 

Total mg/l 

mg/l 

Total mg/i 

TOC 3950 

400 

380 

450 

TC 4345 

505 

515 

550 

Volatile 

Organic (est) 135 

65 

15 

55 


Table C 2 

EPC Run 1 - Reservoir Filtrate Analysis 


Cl“ 

3226 ppm 

NO" 

428 ± 4 o ppm 

CIO4 

27 

Pt 

38.0 ± 0.0 

CIO3 

No ± 90 

Rh 

5.3 ± 0.0 

C 10 ‘ 

0 

+1 

Ni 

35.5 ± 0.0 

HClOg 

36 ± 0 

Cr 

9.4 ±0.2 

TKN 

92.4 ± 0 

Fe 

2.4 ± 0.0 

NH3 

+1 

0 




Table C 3 

EPC Run 1 - HX Sample Filtered Solids Analysis 
Emission Analysis 

Major: Fe, A 1 

Minor: Cu, Cr, Si 

Trace: Mg, Pb, Sn 


EPC Run 2. A.11 liquid residual from Run 2 was combined in a single 

sample flask. Then, an analysis was made on the combined sample. The results 
of the inorganic analysis are presented in Table C4, A comparison of these 
results with those of Run 1 sho\'/s little difference in the quantities of chlorine 
compounds formed. However, it is noted that the chloride level is somewhat 
lower. This is due to loss of chlorine gas from the reservoir toward the end 
of the run. This was anticipated as run 2 was continued longer to assure maximum 
reduction of TKN. It is noted in run 2 that there is no detectable ammonia 
nitrogen. However, a trace of TKK remains. It is also noted that the final levels 
of TC and TOC due to the oxidation resistant organic materials is similar. This was 
in spite of a considerably greater number of amp hours of expended energy. 

Two samples were submitted for emission analysis. A sample of liquid 

filtrate v/as evaporated to dryness and analyzed. As expected, it showed 
the primary soluble metal ions of urine. A sample of filtered solids collected 
after the run showed the constituents of the stainless steel heat exchanger. 

These data are presented in Table C5. 

A number of tests were then run to determine the organic content of the 
liquid sample. An infrared analysis showed the following inorganic bands* 

o SOij^ 
o NO^ 
o POif 
o Cl£)^ 

o inorganic nitrite 

In addition, carbonyl type and other organic bands were noted. These 
were indicative of compounds similar to triacetin. Some trace amino 
compounds were also noted. This was expected due to the residual TKN. 

Acetate if present was below the detectable level. 




Table C4 


Inorganic Analysis of Combined Liquid Sample 


Analysis 


Sple (mg/l) 



40 



0 

14- 

0 

CIO 


13.5 ± 0.9 

CIO (Total Available Cl ) 

113 ± 4 

Cl" 


1791 ± 30 

TKN 


28.0 ± 0.0 



ND (LLD* 7 ) 

TC 


563 ± 22 

TOC 


4 oo ± 0 

Vol (TOC) 


75 ± 0 

no" 


4.8 ± 0 

Ca^ 


30,0 + 3.5 

Pt 


l 4.8 ± 0.9 

Rh 


2.5 ± 0.0 

Cr 


4.9 ± 0.3 

Ni 


13.8 i 0-0 

Fe 


5.0 ± 0,0 

Ta 


m (LLD* 10 ) 


*Lower Limit o£ Detectability 



Table C5 


EPC Run 2 Emission Analysis 


Filtrate 

Major: Na, K 

Minor: Sij Mgj Ca 

Trace; Sr, Ni, Mg, Cr, Cu, P, Cd, 

Ag, ZH) Pt 


Filtered Solids PPT - 
Major: 

Minor : 

Trace ; 


Fe, Si, Ka 
Al, Cr, Mg 

Mo, Sn, Hi, Cu, P, Ti 


POOK 
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A number of analyses were performed using gas chromotography . First a 100 cc 
sample of liquid was extracted using 10 cc of chloroform. The extract 
was then analyzed in a gas chromatograph equipped with a flame ionization 
detector and having a 6 ft x 0.25 inch OD 3^ OV-lT Chromosorb W on 3o/l00 
mesh glass column. It was programmed for 50-300°C at lO^C/minute. A single 
peak with a 12.5 minute retention time was noted. A second 150°C isothermal 
run showed a single peak with a 13-5 minute retention time. 

Then, 25 cc of methanol was added to dried solids from a 100 cc liquid sample. 
The liquid was Injected into a IFAP column and run isothenaally at 150°C . 

A peak with a retention time of 37-^ minutes was noted. 

A portion of the liquid sample was then subjected to a gas chromatographic 
analysis by a derlvitizatlon technique. 

Methanol extract of dried sample was evaporated under a stream of dry 
nitrogen. Tri-methyls ilyl derivatives were then formed by adding equal 
amounts of pyridine and bis (trimethyls ilyl) -tri-fluoroacetamide (Pierce 
Chemical, Rockford, Illinois) to the sample and by heating the resulting 
mixture for eight hours at 50°C. The reaction mixture was injected into 
a gas chromatograph (FM Model 8l0) equipped with a flame -ionization detector 
and incorporated with a 6 ft. x 0.25 -in O.D. glass column packed with 3^ 

OV-17 on 80/100 mesh chromosorb W. The column temperature was programmed 
from 50*^“300°C at 10*^ c/min heating rate and with a helium carrier gas at 
eqioi valent to 65 cc/min. 

The analysis shov/ed two major peaks ividicat.ing one volatile and one intermediate 
compound. 

Hext an extracted methanol sample was evaporated into the mass spec. Analysis 
of the results shcnjed: 

o trace urea/co^ 

o substitutal amine type compounds 

o some HCl compounds with a molecular weight above 150 
0 trace of acetic acid 

The actual identification of specific organic compounds in the residual 
samples was not carried out . 

C-9 
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The final analysis performed were on the system product gases. Double 
ended sample flashes were cleaned and pre filled with helium. Then they 
were installed in line with the gas vents from the anode and cathode 
sides of the cell. A mass spec analysis was then used to obtain the 
relative quantities of material evolved. The results of these analyses 
are presented in Table C6. 
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Table C6 


EPG Run 2 - Effluent Gas Analysis 


Location 

Anode* 

Anode 

Cathode 

Time (Amp-Hr) 

44.5 



Current (Amp) 

17-9 

6.0 


»a 

37*3?& 

Balance 



8.7 

4.8 


COg 

53.8 

5*3 


CO 

- 

.2 


“s 

“ 

8.8 

Balance 

HgO 


0.8 

1.0 

^Sample also ; 

Lncluded cyanogen chloride 

and chloroform at 

100-500 ppm. 


An anode gas sample was also sent to HASA and was analyzed by Northrnp 
Services, Inc., with the results shown in Table C7. 

A comparison of the results found by Northup with those of LMSC 
shows discrepancies in some areas. This is not surprising, however, 
since variances in test results often occur as a consequence of shipping, 
environment, time lag, test equipment, and procedures. 


tabu: c7 


Northnip Services . Inc . Anode Gas Sample Analysis 


COMPOUND 


CONCENTR ATION 


COMMENTS 


Eth>'lene 


Ethanol 


Acetaldehyde 


Methyl Chloride 


Dichloromethane 


Chlorofarm 


Carbon Tetrachloride 


Eronjodichloromethane 


Ketene 


Ethyl Chloride 


Chloroacetylene 


Chloroethylene 


Dichloroacetylene 


1,1, Dichloroethene 


1,2, Dichloroethane 


Tetrachloroethyiene 


Cyanogin Chloride 


Acetonitrile 


Toluene 


Methyl Formate 


Trichloroacetonitrile 


"^r ichloroc t ]iv leno 


<5 ppm 


13 ppm 


32 ppm 


<5 ppm 


30 ppm 


135 ppm 


170 ppm 


17 ppm 


1300 ppm 


<5 ppm 


25 ppm 


300 ppm 


6 ppm 


,6 ppm 


^5 ppm 


17 ppm 


15 ppm 


11 ppm 


<S ppm 


85 ppm 


12 ppm 


2 ppm 


30 ppm 


<5 ppm 


*5 ppm 

























































APPENDIX D 


URINE FRETREATMENT PROCESSES TRADE STUDIES 


URINE PRE TREATMENT 


INTRODUCTION - This study investigated two urine pretreatment processes 
with the objective of establishing which process would be preferred for a 
long duration space application. Two pretreatment processes were examined, 
the first being electrolytic and the second being chemical. The penalties 
associated with each pretreatment process irrespective of the pursuant treat- 
ment and recovery methods were established as well as the overall penalties 
associated with integrating the pretreatment process into a complete system. 
The following sections discuss the results of the studies. 

REQUIREMENTS - The study was conducted on the basis that the system appli- 
cation was for a space station. The mission model which establishes the 
study requirements is shown in Table D-1 (Reference 1) . 


Table D-1 


Mission Duration 
Crew Number 
Power Source 
Heat Source 
Cooling 

Launch Vehicle 
Resupply Period 


3 years minimum 
6 

Solar Cells 
Electrical 
Space Radiator 
Orbiter 
90 Days 


D-l 


LOCKHEED MISSILES S: SPACE COMPANY, INC, 


SYSTEM CONFIGURATIONS - Six arrangements of pre, post, and process systems 
were examined. Of these, three were considered baseline using other than 
electrolytic pretreatment and three were alternates using electrolytic 
pretreatment. These configurations are as follows: 

1) Baselines 

o Chemical Preatreatment 

Vacutim Compression Distillation 
Activated Charcoal Post Treatment 
o Activated Charcoal Pretreatment 
Electrolysis 
No Post Treatment 
o No Pre treatment 
Reverse Osmosis 

Activated Charcoal Post Treatment 


2) Alternates 

o Electrolytic Pretreatment 

Vacuum Compression Distillation 
Activated Charcoal Post Treatment 
o Electrolytic Pre treatment 
Electrolysis 

Activated Charcoal Post Treatment 
o Electrolytic Pretreatment 
Reverse Osmosis 

Activated Charcoal Post Treatment 
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TRADE STUDIES - For the space station mission model shown in Table D1 the 

urine produced from the 6 man crew can be established. 

„ . T. , 1 4,4 lbs X 6 men 

Urrne Produced = -r 

man-day 


U = 26.4 lbs /day (11.98 kg/day) 

Using a urine density of 1,02 gms/ce with the above production rates 
provides the urine processing requirements for the mission duration. Table D2 
tabulates the urine processing requirements. 

Table D2 


Urine Quantity (kg) 
Urine Volume (1) 


11.98 

11,74 


90 

365 

1095 

1078 

4371 

13113 

1057 

4255 

8453 


A typical urine composition is assumed (Ref, 2). 

mg/l 

Urea Oreanic Salts. 


Total 


Mols/1 

Total 


2,680 

1,630 

4,310 

0.3592 

6,253 

659 

6,912 

0.24686 

3,573 

1,576 

5,149 

0.1609 

893 

266 

1,159 

0.5759 
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Electrolytic Pre treatment 

Assiaming that the electrolytic pretreatment process is stopped at the point 
at which TKN is removed, the following simplified mass balances can be ma. t. 


0.3592 Og + 0,3592 C 0.3592 CO^ 

0.28975 0^ + 0.5795 ^ 0.5795 H 2 O 

0,64895 O 2 Required 

From the urine 0.1609 mols 02^^^ present. Thus, O 2 required for removal 
of Total Kjeldahl nitrogen is: 

O 2 makeup = 0,64893 - 0.1609 

= 0,48805 mols O 2 /I 


The total oxygen demand for the quantity of urine produced therefore is 

Ort demand = 11.74 1 x 0.48805 gm mols 0^ 

2 ^ Z 


= 5,73 gm mols 02 /day 


or O 2 required = 


5,73 gm mols 


day 

= 183.4 gms/day 


32 gms 
gm mol 


Similarly, the carbon dioxide produced is determined as follows; 

CO 2 = 0,3592 gm mols x 11,74 x 44 gm 
1 day gm mol 

= 185.6 gms/day 


For nitrogen 

N„ = 0.24686 gm/mols x 
1 


11.74 1 X 
day 


28 gms 
gm mol 


= 73.86 ^ns/day 
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The water required for electrolysis however, based on 0^ needed (0.48805 mols/1), 
is; 

H2O O2 + 2 

0.549 0.483 + 0.061 

and the difference betc^een water produced and water electrolyzed is the 
excess water. 

H^O = 0.5795 - 0,549 

= 0.0305 gm mols/1 gain 

and the quantity vented to the cabin is: 

H 2 O = 0.0305 gm mo Is x 11,74 1 x 18.01 gms 
1 day gm mol 

= 6.45 gms/day 

and the hydrogen liberated is 

= (0.061)(11.74)(2.016) 

- 1.455 gms/day 

These gas quantities are stimmarized in Table d 3 for 1, 90, 365 and 1095 day 
mission duration. 

Table D3 

Days 


Gas (kgm) 

1 

90 

365 

1095 

O 2 from electrolysis 

0.18 

16.50 

66.93 

201 

“2 

0.19 

16.70 

67.72 

203 

^2 

0.074 

6.65 

27.0 

80.9 

H 2 O 

0.006 

0.58 

2.35 

7.06 

liberated 

0.001 

0.131 

0.531 

1.59^ 
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The CO^ generated ig not of sufficient quantity to impact the CO^ removal 
system. The hydrogen can be used in the sabatier reactor. The nitrogen 
will reduce the leakage make up requirements and the water will provide 
partial make up for subsequent process losses. Thus, it can be seen that 
^2* ^2 ^2^ generated can be considered as a electrolytic system credit. 

The oxygen consiimed in the process is provided for in the system electrolysis 
power penalty factor described later. 

The current required for the electrolysis process can now be determined from 
the quantity of oxygen needed. 

96,500 a sec 
8 gms __ 

= 26,5 amps 

If 957o efficiency is assumed 

25.6 
^ ' 0.95 

= 26.95 

or 27 amps 

Since typical operating voltage is 5 volts the power required for electrolysis 
is 

P=(5)(27) 

= 135 watts 

From single cell runs described in previous sections, the following cell voltage 
and amperage characteristics are established; 

High current = 18 amp at approx 8.5V 
Low current ■= 6,5 amps at approx 5V 
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[- 


5.73 X 32 gms 
day 


day 

(60) (1440) sec 


1 


the current needed is 
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Thus, for operation at low current, the number of cells required therefore 
are; 

No. of cells = -7^1 — = 4.13 

6,5 

or 5 cells required 

Mixed current operation could reduce the number of cells bud at a cost of 
power. Operation at the lower power level will result in the least penalty 
and the lowest outlet concentrations of perchlorates. 

l^ile the urine is added to the system on a batch basis, a continuous 
process can be assumed if the process is averaged throughout the day. The 
power and heat penalties can then be determined (Ref. 2), These penalties 
are given for solar cell electric source and heat rejection by space radiator. 
For power; 

FP = (0.372 + 0.238 T)P lbs 

where P = Power used in Watts 

T = Mission duration in years 

for Air Cooling 

HP = (0.183 + 0.0/3 P )Q lbs 

and for Liquid Cooling 

HP = (0.011 + 0.011 P )Q lbs 

P 

where P = Power Penalty in Ibs/watt 
P 

Q = Heat Load in BTU/hr 
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Figure D1 below indicates the temperature control system for the electrolysis 
cells. Cooling is accomplished by a combination of air and liquid. The 
following paraphgraphs discuss the overall system. 


(175. 2°F) 80°C 



To Spacelab Coolant 
System 145 BTU/hr 


To Spacelab Coolant System 145 BTU/hr 
Figure Dl 

If the total urine processed is 

U = 26.4 Ibs/day (11.74 1/day) 
the average continuous process rate per day is 
PR = ^^ 24 ^^ 1.10 Ibs/hr (0.50 kg/hr) 

and if the specific heat of the urine averages 0.7 BTU/hr - °F 
then the energy needed to heat the urine to operating temperature is 

Q»mcpAt 

= (1. 10) (1.0) (176-73) 

- 113.3 BTU/hr (33.2 watts) 

OF POO® 
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The amount of heat liberated by the cells is derived as follows. Assume 
thnt the heat liberated by the cells is based on 1 volt less than operational. 
That is, if the cells are operating at 5 volts the heat released is based 
on 4 volts and 

Q “ (4) (27) 

= 108W (368.6 BTU/hr) 

and this is therefore more than adequate to raise the urine to the cell 
operating temperature. The excess requires cooling to maintain thermal balance 
Assume that cooling is derived from downstream of the space station avionics 
system and that a large temperature differential is available which would 
reduce the coolant flow rate needed to heat rejection. If active cooling 
is provided for 757<> of the difference needed then the space station liquid 
cooling load is 

» (368.3 - 113.3) (.75) 

191.4 BTU/hr, and the air load will be 

Q* = 368.4 - 113.3 - 191.4 = 63.8 BTU/hr 
A 

The coolant flow rate required therefore is 

Q = me A t 
P 

At = 170°F - 100°F 
= 70°F 

jn = SL- — C = 1.0 BTU/lb °F for water 

CpAt P 

= 191.4/(1) (70) 

= 2.73 Ibs/hr (1.04 1/hr) 
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A 240 C Model 08-33-103 microptimp with appropriate bypass for temperature 
control will provide the necessary flow and the same pump can be assumed 
for each loop. Each pump uses approximately 0.4 amps for this flow condition 
and the pximp power therefore is (24) (0.4) - 9.1 watts, or approximately 20 
watts for both. This load can be assumed to be air cooled. The loads for 
power and heat penalty therefore are: 


Air Cooled Load 

Q » 20 + 


63.8 


3.412 

38.7 watts (132 BTU/hr) 



Liquid Cooled Load 

Q = 191.4 BTU/hr 

Power Load (Pumps + Electrolysis + 5 Watts instrumentation) 

P » 20 + 135 + 5 
= 160 watts 


p / ■ 

Table D4 sxmmiarizes the power 

and heat penalties for 

the various 

1 mission 


VtM- 

duration. 

Table D4 

Days 





1 

90 

365 

1095 


Power Penalty (kgm) 

27.1 

31.3 

44.3 

78.8 

fW •«* 

Liquid Cooling 
Penalty (kgms ) 

1.31 

1.37 

1.54 

2.0 


Air Cooling 
Penalty (kgms) 

12.57 

12.8 

13.6 

15.7 

■ ‘7 i- ■■ 

Total Heat (kgms) 
Penalty 

13.88 

14.17 

15.14 

17.7 




- 
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Fixed weights with spares and instrinnentation estimates are listed belcsw. 
These estimates were derived from weighing of prototype or identical items, 
comparison with similar equipment, literature listings or approximations. 

Table D5 


Item Weight (kg) 

Pumps (2) 3.63 

Water Reservoir (1/2 liter) .32 

Heat Exchangers (2) 2,27 

Electrolysis Cells 9,38 

Urine Reservoir ,65 

Instrumentation (Control) ,45 

Total Equipment 16.70 

Hardware (10%) 1,67 

Total Fixed Wt. 18.37 

Spare Cells (2) 3.75 

Spare Pump (1) 1,81 

Instrumentation (Monitor) ,23 

Total 24.2 


The total weight penalty for the electrolysis pretreatment system can 
ncfw be established from 

UPT = Fixed wt. + PP + HP - (N2 + + H^O) 

The values are summarized in Table D6 and the gas production and weight 
penalties are shoxim in Figure D2. 


UPT (kgm) 


Table D6 


1 

64.9 


Days 

90 365 1095 

63.8 58,3 45.1 
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A brief investigation was performed to assess the impact of trace quantities 
of chlorine and ozone from the process. The results of this concluded that 
the effect is minimal, requiring no special control provisions. 

Chemical Pretreatment - Reference 3 states *'The amount of pretreatment chemical 
used per micturation was 2.25 grams. The nominal micturation volume is 
260 ml. If the urine density is 1.02 gms/cc or 1.02 gms/ml then the nominal 
muturation is : 

M = 260 ml X 1.02 gms/ml 
= 265.2 gms 

The amount of pretreatment chemical required therefore is 

PC - 2.25„._ 

265.2 

_3 

= 8.48 (10 ) gns chemical/gm urine 

The amounts of chemical needed for the selected mission durations based 
on 11.975 gms urine/day (11.74 1/day) is tabulated in Table D7 which also 
lists the values with a 1.2 storage factor. 

Table D7 



1 

90 

365 

1095 

Pretreatment Chemical Req’d (kgms) 

0.10 

9.14 

37 

111.25 

Pre treatment Chemical Req’d xirith 
1.2 Storage Factor (kgms) 

0.12 

10.97 

44.4 

133.5 


Figure 3 compares the chemical pretreatment x^eight penalty against the 
electrolytic pretreatment penalties derived in the previous section. 

These chemical pretreatment values are directly applicable to the Vacuum 
Compression Distillation Process which will be discussed in a later section. 
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Activated Charcoal Pre treatment: - Reference 4 indicates that 1200 gm/3000 cc 

urine of charcoal are required for activated charcoal when used as a pretreat- 
ment step with an electrolysis system. From these data the amount of char- 
coal needed for this application can be established. Assuming a urine 
density of 1,02 gms/cc the charcoal required is 


AC 


1200 

3000 (1.02) 


- 0.39 gms/gm of urine 


The charcoal required for the selected mission durations is tabulated in 
Table D8. 

Table D8 


1095 

5142 


Activated Charcoal (kgms) 


Days 


1 

4.7 


90 

423 


365 

1714 


Charcoal Post Treatment - Each of the selected processes except the baseline 
electrodialysis process uses activated charcoal for post treatment. 

The quantities needed are derived in this section. 

o Vapor Compression Distillation - From Reference 5 the amount 

of charcoal needed is given as 

AC = 100 X 10 gms COD x U gm/day 
gm H^O 

0.097 X 0.448 gm AC/cc AC 

gm at 

= (2.30) (10’^) U cc/day 

where U = distilate entering the charcoal or the urine produced per day. 

(U in gms/day). The amount of charcoal needed for this application therefore 
is : 
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AC = (2.3) (10' ) (11.975) (n days) cc 

- 27.56 n cc 
and for a density of 

- 0,448 gms/cc 

AC = (27.56) (0.448) n 

= 12.35 gms/day 

The amount of post treatment charcoal required for the various mission 
durations is tabulated in Table 9 and the values are the same for either 
pretreatment process (chemical or electrolytic). 

o Electrodialysis - No post treatment charcoal is used with the baseline 

electro dialysis system. The penalty associated with a urease pretreatment 
process is 600 gms/day (Ref, 4), Assuming that the electrolysis pre- 
treatment step is at least as good or better than urease pretreatment the 
same post treatment charcoal factor can be used. The values determined 
for the selected mission duration are tabulated in Table D9. It should 
be noted however that using ultraviolet post treatment would eliminate 
the need for charcoal. The penalty associated with ultraviolet treatment 
cannot yet be quantified. 

o Reverse Osmosis - The same charcoal penalties are used for either pre- 
treatment process and are assumed to be 10% of the electrolysis values. 
These values are also tabulated in Table D9 for the selected mission 
duration. 

Table D9 

Post Treatment Activated Charcoal (kgm) 

(Does not include canister weights) 

Days 


1 

90 

365 

1095 

Vacuum Compression Distillation .012 

1.11 

4.51 

13.52 

Electrodialysis 2.35 

(Electrodialysis Pre treatment Only) 

211.32 

857.0 

2571.0 

Reverse Osmosis .47 

42.26 

171.41 

514.22 
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Processing Systems - Reference 6 presents the characteristics of typical 
water recovery systems including Vapor Compression, Electrodialysis and 
Reverse Osmosis for a lyear, 6 man mission. The water processing rates 
however include water from sources other than urine and amount to 40 Ibs/day 
(18,144 gm/day). Using a scaling factor of 

3 


F = 


1975 
18 , 144 


0.81 


new estimates for the basic 1 year mission can be calculated. Table DIO 
tabulates the weight, heat and power characteristics for one year from the 
basic data using the scaling factor for the three processes being studied. 

Table DIO 

lbs kg 


Vapor Compression Distillation 


Weight 

203 

X 

0.81 

= 

164.4 

74.6 

Basic 

81 

X 

0.81 

= 

65.6 

29.8 

Spares 

90 

X 

0.81 

= 

72.9 

33.1 

Expendables 

332 

X 

0.81 

= 

25.9 

11.8 

Power 

75 

X 

0.81 

= 

60.75 

Watts 

Heat Load 

44 

X 

0.81 

= 

359.6 

BTU/hr 

Electrodialvsis 

Weight 

115 

X 

0.81 

= 

93.15 

42.25 

Basic 

50 

X 

0.81 

= 

40.5 

18.4 

Spares 

25 

X 

0.81 

= 

20.2 

9.2 

Expendables 

40 

X 

0.81 

= 

32.4 

14.7 

Power 

170 

X 

0.81 

= 

137.7 

Watts 

Heat Load 

185 

X 

0.81 

= 

149.8 

BTU/hr 

Reverse Osmosis 

Weight 

99 

X 

0.81 

= 

80.19 

36.4 

Basic 

45 

X 

0.81 

= 

36.5 

16.5 

Spares 

21 

X 

0.81 

= 

17.0 

7.7 

Expendables 

33 

X 

0.81 

= 

26.7 

12.1 

Power 

80 

X 

0.81 

= 

64.8 

Watts 

Heat 

185 

X 

0.81 

= 

149.8 

BTU/hr 
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Assuming that the basic and spare equipment weight is not a function of 
equipment weight but that expendable weight is proportional to mission 
duration the values listed in Table 10 can be adjusted to reflect equipment 
weights for the selected mission durations. Table Dll tabulates these data. 


Table Dll 


Weight (kb) 
Days 



1 

90 

365 

1095 

Vapor Compression Distillation 

Basic 

29.8 

29.8 

29.8 

29.8 

Spares 

33.1 

33.1 

33.1 

33.1 

Expendables 

0,0322 

2.9 

11.8 

35.3 

Total 

62,9 

65.8 

74.6 

98.2 

Electrodialysis 

Basic 

18.4 

18.4 

18.4 

18.4 

Spares 

9.2 

9.2 

9.2 

9.2 

Expendables 

0.04 

0.36 

14.7 

44. 1 

Total 

27.6 

28 

42.3 

71.7 

Reverse Osmosis 

Basic 

16.5 

16.5 

16.5 

16.5 

Spares 

7.7 

7.7 

7.7 

7.7 

Expendables 

0,03 

2.99 

12.1 

36.3 

Total 

24.2 

27.2 

36.3 

60.5 

Table D12 tabulates the heat and power 

penalties associated 

with the 

processes 


for the same mission durations. 
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Table Dl2 


Vapor Compression DistxllatlQn. 
Heat Penalty- 
Power Penalty 
Electrodialys is 
Heat Penalty 
Power Penalty 
Reverse Osmosis 
Heat Penalty 
Power Penalty 


Weight (kgm) 
Days 


1 

90 

365 

1095 

34,3 

3.5 

37.1 

42.8 

10.3 

11.9 

16.8 

29.9 

14.3 

14.6 

15.5 

17.8 

23.3 

26.9 

38.1 

67.8 

0.37 

0.43 

0.61 

1.09 

11.0 

12.7 

17.9 

31.9 


Water loss penalties from Reference 6 for the three systems are; Vapor 
Compression Distillation - 2%, Electrodialsysis - 5 %, and Reverse Osmosis - 
8%, These penalties for 11.98 kg of urine input are tabulated in Table D13 


for the selected mission duration. For the case of vapor compression dis- 
tillation when used with electrolytic pretreatment, the solids content is reduced 


37,057 mg/1 


Table Dl3 


Water Loss Penalty 
Vapor Compression Distillation 
Electrodialysis 
Reverse Osmosis 

Vapor Compression Distillation 
(with electrolytic pretreatment) 


loss 

penalty for 

this case 


tabulated in Tabl 

e D13. 



Weight 

(kgm) 



Days 



1 

90 

365 

1095 

0.24 

21.56 

87.42 

262.26 

0.60 

53.86 

218.5 

656 

0.96 

86.22 

350 

1050 

0,11 

10.2 

41 .36 

124.12 
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From these stumoaries the overall system penalties can be calculated and 
comparisons made between the candidates * 


System Comparisons 

Tables D14, D15, D16, Dl7j D18 and D19 tabulate the total system penalties for 
the three systems being examined. Figures d 43 D5, D6, D7, D8 and D9 present 
the penalty curves for the system as related to mission duration. 

Table D14 

Weight Penalty Summary for Vapor Compression 
Distillation with Electrolysis Pretreatment and Activated 
Charcoal Post Treatment 


Weight (kgms) 
Days 


VCD 

1 

90 

365 

1095 

with Spares and Expendables 

62.9 

65.8 

74.6 

98,2 

Power Penalty 

10.3 

11.9 

16.8 

29,9 

Heat Penalty 

34.3 

35.0 

37.1 

42.8 

Pre treatment 

64.9 

63.8 

58.3 

45.1 

Post Treatment 

.012 

1.11 

4.51 

13.52 

Water Loss 

.11 

10,2 

41.36 

124.11 

Total Penalty 

172.5 

187.8 

232.7 

353.6 
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Table Dl5 


Weight Penalty Summary for Electrodialysis with 
Electrolysis Pretreatment and Activated Charcoal Post Treatment 


Weight (kgm) 
Days 


ED Pised Wt. 

1 

90 

365 

1095 

With Spares Expendable 

27.6 

28.0 

42.3 

71.7 

Power Penalty 

23.3 

26.9 

38.1 

67.8 

Heat Penalty 

14.3 

14.6 

15.5 

17.8 

Pretreatment 

64.9 

63.8 

58.3 

45.1 

*Post Treatment 

2.35 

211.0 

857 

25,711 

Water Loss 

.60 

53.86 

218.5 

656 

Total Penalty 

133.0 

398,16 

1229.7 

26,570 


*This penalty is eliminated if ultraviolet post treatment is used. A slight 
increase in pretreatment penalty occurs and the ultraviolet system penalty 
cannot yet be quantified. It is small, however, by comparison. 

Table D16 

Wei^t Penalty Summary for Reverse Osmosis with Electrolytic 
Pretreatment and Activated Charocal Post Treatment 


Weight (kgm) 
Days 



1 

90 

365 

1095 

RO Fixed Wt, 

With Spares Expendables 

24.2 

27.2 

36.3 

60,5 

Po\7er Penalty 

10.9 

12.7 

17.9 

31.9 

Heat Penalty 

14.3 

14.6 

15.5 

17.8 

Pretreatraent 

64.9 

63.8 

58.3 

45.1 

Post Treatment 

.47 

42.3 

171.4 

514.2 

Water Loss 

.96 

86.2 

350 

1050 

Total Penalty 

115.7 

246.8 

649.4 

1719.5 
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Table D17 


Weight Penalty for Vapor Compression Distillation with 
Chemical Pretreatment and Activated Charcoal Post Treatment 


Weights (kgm) 
Days 



1 

90 

365 

VCD Fixed Wt. 

with Spares & Expenditures 

62.9 

65.8 

74.6 

Power Penalty 

10.3 

11.9 

16.8 

Heat Penalty 

34,3 

35.0 

37.1 

Pretreatment 

0.12 

11.0 

44.4 

Post Treatment 

.012 

1.11 

4.51 

Water Loss 

.24 

21.6 

87.4 

Total Penalty 

107.8 

143,4 

264.8 


. Table D18 

Weight Penalty for Electrodialysis with Activated 
Charcoal Pretreatment and No Post Treatment 


Weights (kgm) 
Days 


ED Fixed Wt. 

with Spares & Expendables 

1 

27.6 

90 

28.0 

365 

42,3 

Power Penalty 


23.3 

26.9 

38.1 

Heat Penalty 


14.3 

14.6 

15.5 

Pre treatment 


4.7 

422.7 

1714 

Post Treatment 


- 

- 

- 

Water Loss 


.60 

53.9 

218.5 

Total Penalty 

70.5 

546.1 

2029 
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_^able D19 

Weight Penalty for Reverse Osmosis with No Pre treatment 
and Activated Charcoal Post Treatment 


Weight (kgms) 
Days 



1 

90 

365 

1095 

RO Fixed Wt. 

With Spares & Expendables 

24.2 

27.2 

36.3 

60.5 

Power Penalty 

10.9 

12.7 

17.9 

31.9 

Heat Penalty 

14.3 

14,6 

15.5 

17.8 

Pre treatment 

.47 

42.3 

171.4 

514.2 

Water Loss 

.96 

86.2 

350 

1050 

Total Penalty 

50.8 

182.9 

591.1 

1674 


Conclusions - Figure DIO compares the total penalties associated with the 
systems studied as a function of mission duration. It should be observed 
that the scale of the figure is determined by the electrodialysis, electrolytic pre 
treatment and charcoal post treatment system. This system can be seen to be 
totally non-competitive with the others. The systems which appear to be 
the best choices for this application are vapor compression distillation 
with either chemical or electrolytic pretreatment. Figures D4 and D7 indicate 
more clearly that chemical pre treatment is favored on the basis of total 
weight penalty for missions less than eight months and that electrolytic 
pretreatment is favored for missions in excess of eight months. It is also 
clear that the difference in weight penalty between these two candidates 
is so small that, in the final analysis, other aspects not taken into 
consideration here will determine the selection of a preferred approach. 
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TRACE GAS ANALYSIS OF A DISC URINE ELECTROLYTIC PRETREATMENT 
(ANODE) GAS SAMPLE 

The report which follows was prepared in May 1976 by Northrop Services » 
Inc. for NASA- Johnson Space Center. 

A comparison of the results found by Northrup with those of DISC 
shows discrepancies in some areas. This is not surprising » however, 
since variances in test results often occur as a consequence of shipping, 
environment, time lag, test equipment, and procedures. 
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Trace’Gas Analysis 'of a LMSC Urine Electrolytic 


Pre treatment CAnoitie] 'Sample 


Introduction ^ 

A sample from Lockheed Mssiles and Space Company ^vas analyzed for 
trace gas components. The sample is of the effluent (anode) gases from 
the electrolytic pretrea^nent of urine. The sample i^/as received in 
a 500 cc glass sample cylinder at atmospheric pressure. The cylinder con 
tains a stopcock at each end and the sample cylinder was filled by 
purging through the cylinder and then shutting off both ends. 

Procedure 

The qualitative analysis of the sample ivas achieved utilizing gas 
chromatograph-mass spectrometry. Gas chromatography was used for the 
quantitative analysis. Verification and quantitation of one coninonent 
(nitrous oxide) was accomplished ^>dth infrared spectrophotometr>'. The 
GC-MS system consists of a Hewlett Packard 7620 gas chromatograph with 

a flame ionization detector connected to a Nuclide 12-90-G mass spectro- 

*• * 

meter using a Bieman- Watson single stage separator for the interface. 

A Perkin Elmer 521 spectrophotometer was used with a 10 cm gas cell 
for the infrared analysis of nitrous oxide. A Hewlett Packard 7620 gas 
chromatograph with a thermal conductivity detector was used for the car- 
bon dioxide analysis. 

Five different gas chromatograph columns were used in an effort 
to identify and quantitate all of the gaseous components. The columns 
were run using both isothermal and tenperature pro g r a m m ed operation. 

The mass spectrometer was set to magnetically scan from mass 12 to mass 
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350. The source pressure was run at 5 x 10"^ torr from the separator 
outlet during the analysis. Quantitation of the separated conponents 
was achieved by response con^arisons between standard gas blends and 


the sample run at the same conditions. 


The column descriptions are as follOTvs: 


Qiromosorb 102 80/100 mesh packed in a 1/8" x 6’ stainless 


steel column. 


OPN-Porasil C 80/100 mesh packed in a 1/8" x 7‘ stainless 


steel column. 


5% SP 1200, 1.75% Bentone 54 on Suplecoport 100/120 mesh 


packed in a 1/8" x 10' stainless steel column. 


Emulphor ON- 8 70 coated on a 0,03" x 350' capillary column. 


100/120 mesh packed in a 1/8" x 6' stainless 


steel column. 


Results 


The major components found were CO 2 , N 2 O, chloroform, and ketene.* 
(See Gas Analysis Report) Although not seen on the GC, traces of N 2 O 
and CO 2 were identified on the mass spectrometer as they were eluted 
through the chrcmosorb 102 column. Positive identification was made on 


47 compounds with 4 compounds listed as unknowns. T\^o of the unknowns 
are probably siloxane compounds which show fragment ions at mass numbers 
73, 147, and 207. Higher mass fragment ions were observed, but the 


exact mass numbers were not determined. The mass distribution of ti^p of 


the unknowns are reported in the Gas Analysis Report, Without positive 
identification, there exists the possibility that the unknoivns could be 
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more than one compound which the GC columns could not separate. There- 
fore each unknown may be a mLxture spectrum of tivo or more compounds . 

Several classes of compounds can be identified, notably ketones, 
aldehydes, chlorinated hydrocarbons, and nitrated hydrocarbons. Com- 
ponents of low concentration are only reported as less than 5 ppm due 
to the change in relative abundance of the components with the depletion 
of the sample during the analyses. 
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